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(54) Antibiotic carbapenem compounds. 

@ The present invention provided a compound of the formula : 

V M r 



(I) 



CooM 



or a p harmacautically acceptable salt or in vivo hydro! ysable ester thereof wherein : 
A is a group of the formula (I A) or (IB) : 



A? (IA) 



A* 



(IB) 



R 1 is 1-hydroxyethyl, 1-fluoroethyl or hydroxymethyl ; 
R 2 is hydrogen or C 1 . 4 alkyt ; 

R 3 and R 4 are the same or different and are a variety of substrtuents X is alkanediyt containing 1-6 cartoon 
atoms optionally interrupted by O, S(0)x (wherein xis z ro, one or two), -CONR 5 - or -NR 5 - wh rein R 5 is 
hydrogen or Ci-^alkyl ; 

or X is alken diyi containing 2-6 carbon atoms optionally interrupted by O, S(0) x or -NR 5 - wherein x and 
R 5 are as hereinbefore defined ; with the provisos that : 

i) the interrupting function (O f S(0) x ,NR 6 f -CONR 5 -) may b directly linked to the ring A, but is not 
directly linked to the -COOH function or to any carbon-carbon double bond in X ; and 

(it) when the interrupting function is -SO- or -SCV it is not $ to the COOH function or 8 if there is an 
intervening carbon-carbon double bond in X 
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Th present invention relates t carbap nems and in particular to such compounds containing a phenyl 
or thienyi ring substituted by a group bearing a carboxy function. This invention further relates to processes 
for th ir preparation, to int rmediates in their preparation, to their us as therapeutic ag nts and to pharma- 
ceutical compositions containing them. 
5 The compounds of this invention are antibiotics and can be used in the treatment of any disease that is 

conventionally treated with antibiotics for example in the treatment of bacterial infection in mammals including 
humans. 

Carfoapenems were first isolated from fermentation media in 1 974 and were found to have broad spectrum 
antibacterial activity. Since this discovery substantial investigations have been made into new carbapenem 
10 derivatives and many hundreds of patents and scientific papers have been published. 

The first, and so far the only, carbapenem to be commercially marketed is imipenem (IM-formimidoyl thie- 
namycin). This compound has a broad spectrum of antibacterial activity. 

The present invention provides compounds with a broad spectrum of antibacterial activity including both 
Gram positive and negative, aerobic and anaerobic bacteria. They exhibit good stability to beta-lactamases. 
is In addition representative compounds of this invention exhibit a very favourable duration of action. 

The carbapenem derivatives referred to herein are named in accordance with the generally accepted semi- 
systematic nomenclature: 



20 




UxoH 

Accordingly the present invention provides a compound of the formula (I): 




or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof wherein: 
A is a group of the formula (IA) or (IB): 

40 



45 




(IB) 



R 1 is 1-hydroxyethyl, 1-fluoroethyl or hydroxymethyl; 
so R2 is hydrogen or C^alkyi; 

R 3 and R 4 are the same or different and are selected from hydrogen, halo, cyano, C^alkyl, nitro, hydroxy, car- 
boxy, C^alkoxy, C^alkoxycarbonyl, carbamoyl, C^alkylcarbamoyl, di-C^ alkylcarbamoyl, trifluoromethyl, 
and C^alkenytoxy: 

X is alkanediyl containing 1-6 carbon atoms optionally interrupted by O, S(0) x (wherein x is zero, on or two), 
55 -CONR*- or -NRS- wherein R 6 is hydrogen or C^alkyl; 

or X is alkenediyl containing 2-6 carbon atoms optionally interrupted by O, S(0) x or -NR 5 - wherein x and R 5 
are as hereinbefore defined; with th provisos that 
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i) the interrupting function (0,S(0) XI NR 6 ,-C0NR6-) may be directly linked to th ring A, but is not directly 
linked to the -COOH function or t any carbon-carbon double bond in X; and 

(ii) when the interrupting functi n is -SO- or -SCV it is not 0 to the COOH functi n r 6 if there is an inter- 
vening carbon-carbon double b nd in X 
5 Alkyf when used herein includes straight chain and branched chain substttutents for example methyl, ethyl, 

n-propyl, Isopropyl, n-butyt and isobutyl. 
In one aspect A is of the formula (IA). 
Preferably R 1 is 1- hydroxy ethyl. 

R 2 is hydrogen or C^aJkyi for example methyl, ethyl, n-propyl, isopropyl or n-butyt. Preferably R 2 is hy- 
10 drogen or methyl and in particular R 2 is methyl. 

R 3 and R 4 are the same or different and are selected from hydrogen; halo for example f luoro, bromo or chloro; 
cyano; Chalky! for example methyl, ethyl, n-propyl, isopropyl or n-butyl; nrtro; hydroxy; carboxy; 
C^alkoxy for example methoxy or ethoxy; carbamoyl; C^alkylcarbamoyl for example met hylcarbamoyl or 
ethylcarbamoyl; di-C^alkylcarbamoyi for example dimethyicarbamoyi or diethylcarbamoyi; trtfluoromethyl; 
and C^alkenyioxy for example propen-1-yloxy. 

In a particular aspect a suitable class of compounds is that in which R 3 and R 4 are the same or different 
and are selected from hydrogen, fluoro, chloro, hydroxy, carboxy, cyano, nitro, methyl, ethyl, methoxy, ethoxy, 
carbamoyl, methylcarbamoyl or dimethyicarbamoyi. 

R 3 and R 4 may both be other than hydrogen but, in general, it is particularly preferred that at least one of 
R 3 and R 4 is hydrogen. 

Particularly preferred compounds are those in which R 3 is hydrogen, hydroxy, methyl, methoxy, fluoro or 
chloro and R 4 is hydrogen. 

In one aspect X is alkanediyl containing 1-6 carbon atoms, for example X is straight-chained alkylene 
such as methylene (-CH^), ethylene (-CH2CH2-) or trimethylene (-CH 2 CH 2 CH 2 -). In another aspect X is a 
branched-chained moiety of 2-6 carbon atoms for example C 2 m alkanediyl such as -CH(CH 3 )- f -CH(C 2 H 5 )-, 
-CH(CH 3 )CH2-, -C(CH3) 2 CH2-, -CH 2 CH(CH 3 )- or-CH 2 C(CH 3 )2-. 

In a further aspect X is alkanediyl containing 1-4 carbon atoms optionally interrupted by O, S(0) x wherein 
x is zero, one or two, CONR 5 or NR 5 wherein R 6 is hydrogen or alkyl; with the proviso that the interrupting 
30 function (O, S(0) x , CONR 5 , NR 5 ) is not immediately adjacent to the -COOH function, that is there is at least 
one carbon atom in the chain between the interrupting function and the terminal COOH group. The interrupting 
function may be directly linked to ring A. 

Suitable values for X include -SCH 2 - t -SCH 2 CH2-, -S0 2 CH 2 CH r . -OCH 2 -, -OC(CH 3 )2-, -OCH 2 CH 2 - ( -CH 2 S- 
CHr-, -CH 2 OCH 2 , -CtCH^-O-CHj-, -CHj-O-CtCH^-, -CONHCH r , -CH 2 NHCH2- and -CH^CHaJCHa-. 
35 In yet a further aspect X is alkenediyl containing 2-6 carbon atoms for example -CH=CH- f -C(CH 3 )=CH- t 

-CH=C(CH 3 K -CH2-CH=CH- and -CH=CH-CH2-. 

In another aspect X is alkenediyl containing 2-6 carbon atoms optionally interrupted by O f S(0) x or NR 5 , 
for example -OCH 2 CH=CH- or -SCH 2 CH=CH- . 

Typical values for X include methylene (-CH2), ethylene (-CH 2 CH2-) f 1,1-dimethylmethylene (-C^CH^J, 
40 oxymethylene (-OCH^, oxyethyiene (-OCH 2 CH 2 -), 1,1-dimethyloxymethylene (-OC(CH 3 )2) t methyteneoxy- 
methytene (-C^OCHr-), thiomethytene (-SCh^-), vinyiene (-CH=CH-) ( methytenecarbamoyl (-CONHCH^), 
1-methytethenylene (-C(CH 3 )=CH-), 2-methytethenylene (-CH=C<CH 3 )-) and propene-1,3-diyl (-CH=CH-CH2-) 
wherein, for the avoidance of doubt in all cases the atom at the left hand end of the depicted structure is linked 
to ring A and the atom at the right hand end of the depicted structure is linked to the carboxyiic acid function. 
45 Preferred values for X are methylene, ethylene, oxymethylene, vinyiene, methyleneoxymethylene and 

thiomethytene. 

In another aspect preferred values for X are methylene, ethylene, oxymethylene and vinyiene. 
The present invention covers all epimeric, diastereoisomeric and tautomeric forms of the compounds of 
the formula (I) wherein the absolute stereochemistry at the 5-position is as illustrated in formula (I). The conv 
00 pounds of the formula (I) have a number of other centres of optical activity, namely: within the group R 1 (when 
R 1 is 1-hydroxyethyt or 1-fluoroethyt); at the 6-position; at the 1-position (when R 2 is C^alkyl); and at the 
2* and 4' positions in the pyrrolidine ring; and within the moiety X dependent on the structure thereof. Any car- 
bon carbon-double bond present in X may be in either the E or Z configuration. 

55 
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(II) 



to 



Preferred compounds are those in which the beta-lactam ring protons are in trans configuration with re- 
spect to one another. When R 1 is 1 -hydroxy ethyl or 1-fluoroethyl it is preferred that the 8-substituent has the 
R-configuration. Thus a preferred class of compounds is that of the formula (III): 
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(III) 



and pharmaceutical^ acceptable salts and in vivo hydrolysable esters thereof, wherein X, R 2 and A are as here- 
inbefore defined. 

When R 2 is Chalky I for example methyl it is preferred that the compound is in the form of the 1R config- 
uration. 

Preferred compounds are those in which the pyrrolidine ring has the following absolute stereochemistry 
at the 2'- and 4*-positions: 



-3 




<lo#om -A. — Cooff 
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A preferred class of compounds of the present invention is that of the formula (IV): 




(IV) 



CoofJ 



and pharmaceutically acceptable salts and in vivo hydrolysable esters thereof wherein A and X are as defined 
hereinbefore in formula (I). 

Another class of compounds of the present invention are those of the formula (IV) wherein A is of the for- 
mula (IA). 

Particularly preferred compounds within the formula (IV) are those wherein R* and R 4 , in A, are the sam 
or different and are selected from hydrogen, fluoro, chloro, hydroxy, cyano, nitro, methyl, ethyi, methoxy, 
ethoxy, carbamoyl, methyl carbamoyl, dimethyfcarbamoyl; and X is methylene, ethylene, oxymethylene, viny- 
I ner methyteneoxy, methylene and thiomethylen . 

Especially preferred compounds within the formula (IV) are thos wherein R 3 is hydrogen; R 4 is hydrogen, 
hydroxy, methyl, methoxy, fluor or chloro and X is oxymethylene or vinyl ne. 

Suitable pharmaceutically acceptable salts inctud acid addition salts such as hydrochloride, hydro bro- 
mid , citrat , maleate and salts formed with phosph ric and sulphuric acid. In anoth r aspect suitabl salts 
are base salts such as an alkali metal salt for example sodium or potassium, an alkaline earth metal salt for 
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exampl calcium or magnesium, an organic amine salt for xample triethyiamine, mo rp hoi in , N-methylpiper- 
idine, N-ethytpiperidine, procain , dibenzylamine, N t N-dibenzylethyiamine or amino acids for example lysine. 
F rthe avoidance of doubt th numberofsalt-f rming cations may vary dependent on the number of carboxylic 
acid functions and the valency of said cations. 

For the avoidance of doubt there may be one, two, three or four salt forming cations depending on the 
number of carboxylic acid functions and valency of said cations. 

In vivo hydrolysable esters are those pharmaceutically acceptable esters that hydrolyse in the human body 
to produce the parent compound. Such esters can be identified by administering, eg. intravenously to a test 
animal, the compound under test and subsequently examining the test animal's body fluids. Suitable in viv 
hydrolysable esters for carboxy include C^alkoxymethyl esters for example methoxymethyt, C^alkanoylox- 
ymethyl esters for example pivaloyloxymethyl, phthaJfdyf esters, C^cycloalkoxy carbon yloxy C^alkyi esters 
for example 1-cydohexyloxycarbonyloxyethyl; 1 ,3-dioxolen-2-onylmethy1 esters for example 5-methyl-1 f 3-di- 
oxolen-2-onyimethyl; phthalidyl esters and C^alkoxycarbonyloxyethyt esters for example 1-ethoxycarbony- 
loxyethyf and may be formed at any carboxy group in the compounds of this invention. Suitable in vivo hydrol- 
ysable esters for hydroxy include acetoxy, propionyloxy, pivaloyioxy, C^alkoxycarbonytoxy for example ethox- 
ycarbonyloxy, phenylacetoxy and phthalidyl. 

Particular compounds of the present invention are: 
(1R f 5S i 6S,8R,2'S f 4'S)-2-(2-{3-(E-2-carboxy-1-eth^ - 
thyl)-1-methylcarbapenem-3-carboxylic acid, 
(1R,5S,6S t 8R,2'S,4'S)-2-(2-(3-(E-2-carboxy-1-eth^ 
hydroxyethyl)-1-methylcarbapenern- 3- carboxylic acid, 
(1K5S,6S t 8R ? 2 , S,4'S)-2-(2-(3-carboxymetho>cyphenylcarbamoyl)pyrrolidm 
methylcarbapenem-3-carboxylic acid, 
(1R,5S,6S,8R,2'S,4'S)-2-(2-(3-carboxyethylpheny1carbamo 
thylcarbapenem-3-carboxyiic acid, 
(1R,5S,6S.8R,2'S,4'S)-2-(2-(5-carboxymethyl-2-h^ 
thyt)-1-methylcarbapenem-3-carboxylic acid, 
(1R,5S,6S ( 8R t 2'S,4'S)-2-(2-(3-carboxymethylpheny^ 
thylcarbapenem-3-carboxylic acid, 
(1R,5S,6S,8R,2'S,4 , S)-2-(2-(3^rboxymethy^ 
yethyl)-1-methylcarbapenem-3-carboxy1ic acid, 

(1R,5S,6S,8R^ , S,4 , S)-2-(2-(3-carboxymethoxymethylphenylcarbarr^ pyrrolkJin-4-ylthio>-6-(1-hydroxye- 

thyl)-1 -met hylcarbapenem-3-carboxylic acid, 

(1R,5S,6S,8R,2*S t 4'S)-2-(2-(3-carboxymethyM 

methylcarbapenem-3-carboxyiic acid, 

(IRtSS^S^R^'S^'S^-^-^-carboxymethylcart^ 

yethyl)-1-methy1carbapenem-3-carboxyiic acid, 

and pharmaceutically acceptable salts and in vivo hydrolysable esters thereof. 

In order to use a compound of the formula (I) or a pharmaceutically acceptable salt or in vivo hydrolysabl 
ester thereof for the therapeutic treatment of mammals including humans, in particular in treating infection, it 
is normally formulated in accordance with standard pharmaceutical practice as a pharmaceutical composition. 

Therefore in another aspect the present invention provides a pharmaceutical composition which comprises 
a compound of the formula (I) or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof and 
a pharmaceutically acceptable carrier. 

The pharmaceutical compositions of this invention may be administered in standard manner for the dis- 
ease condition that it is desired to treat, for example by oral, rectal or parenteral administration. For these pur- 
poses the compounds of this invention may be formulated by means known in the art into the form of, for ex- 
ample, tablets, capsules, aqueous or oily solutions or suspensions, emulsions, dispersible powders, supposi- 
tories and sterile injectable aqueous or oily solutions or suspensions. 

The compounds of the present invention may be formulated as dry powder f Died vials, which may contain 
the compound of the present invention alone or as a dry blended mixture. For example an acidic compound 
of the present invention may be dry blended with an alkali metal carbonate or bicarbonate. Freeze dried for- 
mulations of compounds of the present invention, alone or as a mixture with standard xcipients, ar possibl . 
Standard excipients include structure formers, cryo protectants and pH modifiers, such as, mannitol, sorbitol, 
lactos , glucose, sodium chlorid , d xtran, sucros , maltose, gelatin, bovin serum albumin (BSA), glycin , 
mannos , ribose, polyvinyl pyrrolidine (PVP), cellulose derivatives, glutamin , inositol, potassium glutamat , 
erythritol, serin and other amino acids and buffer agents e.g. disodtum hydrogen phosphat and potassium 
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citrate. 

In addtti n to the compounds of the present invention the pharmaceutical composition of this inv ntion 

may also contain, or b co-administered with, n or more kn wn drugs selected from ther clinically useful 

antibacterial agents (for example other beta-lactams or aminoglycosides), inhibitors of beta-lactamase (for ex- 
5 ample clavulanic acid), renal tubular blocking agents (e.g. probenecid) and inhibitors of metabolising enzymes 

(for example inhibitors of dehydropeptidases, for example Z-2-acy(amino-3-8ubstituted propenoates such as 

cilastatin) and N-acylated amino acids such as betamipron (also EP-A-178911). 

A suitable pharmaceutical composition of this invention is one suitable for oral administration in unit dosage 

form, for example a tablet or capsule which contains between 100mg and 1gof the compound of this invention. 
10 A preferred pharmaceutical composition of the invention is one suitable for intravenous, subcutaneous or 

intramuscular injection, for example a sterile Injectable containing between 1 and 50% w/w of the compound 

of this invention. 

Specific examples of compositions, which are constituted as a 1% solution in water, freeze dried and may 
be made up by adding 0.9% aqueous sodium chloride solution to give the required concentration, preferably 
15 1 mg - 10 mg/ml, are as follows: 
Composition 1 

Compound of Example 1 50 mg 
Composition 2 

Compound of Example 1 50 mg 
20 Glycine 31 mg 

Further specif ic examples of compositions are as above, but where the compound of example 1 is replaced 
by any one of examples 2 to 10. 

The pharmaceutical compositions of the invention will normally be administered to man in order to combat 
infections caused by bacteria, in the same general manner as that employed for imipenem due allowance being 
25 made in terms of dose levels for the potency of the compound of the present invention relative to the clinical 
use of imipenem. Thus each patient will receive a daily intravenous, subcutaneous or intramuscular dose of 
0.05 to 5g, and preferably 0.1 to 2.5g, of the compound of this invention, the composition being administered 
1 to 4 times per day, preferably 1 or 2 times a day. The intravenous, subcutaneous and intramuscular dos 
may be given by means of a bolus injection. Alternatively the intravenous dose may be given by continuous 
30 infusion over a period of time. Alternatively each patient will receive a daily oral dose which is approximately 
equivalent to the daily parenteral dose. Thus a suitable daily oral dose is 0.05 to 5g of the compound of this 
invention, the composition being administered 1 to 4 times per day. 

In a further aspect the present invention provides a process for preparing the compounds of the formula 
(I) or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof which process comprises depro- 
35 tecting a compound of the formula (V): 




wherein A, X and R 2 and R 3 and R 4 in A are as hereinbefore defined (R 3 and R 4 being optionally protected if 
appropriate); R« and R 7 are hydrogen or carboxy protecting groups; R 8 is hydrogen or an amino protecting 
group; R° is hydrogen or an amino protecting group; and R 10 is a group R 1 , protected 1-hydroxyethyi or pro- 
so tected hydroxymethyl; and wherein at least one protecting group is present; and thereinafter if necessary; 

(i) forming a pharmaceutical^ acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ester. 

Protecting groups may in general be chosen from any of the groups describ d in the literature or known 
to th skilled chemist as appropriat for the protection of the group in question, and may be introduced by con- 
55 ventional methods. 

Protecting groups may be removed by any convenient method as described in the literature or known to 
the skilled chemist as appropriate for the removal of the protecting group in question, such methods being chosen 
so as to effect removal of the protecting group with minimum disturbance ofgroups elsewhere in the motecul . 
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Specific exampl s of protecting groups are given below for the sake of convenience, in which lower" sig- 
nifies that the group to which it is applied preferably has 1-4 carbon atoms. It wfll be understood that these 
examples are not exhaustive. Where specific examples of methods for the removal of protecting groups are 
given below these are similarly not exhaustive. The use of protecting groups and methods of deprotecti n not 
specifically mentioned is of course within the scope of the invention. 

A carboxyl protecting group may be the residue of an ester-forming aliphatic or araJiphatic alcohol or of an 
ester-forming silanol (the said alcohol or s Hanoi preferably containing 1-20 carbon atoms). 

Examples of carboxy protecting groups include straight or branched chain (1-12C)alkyl groups (eg isopro- 
pyl, t-butyl); lower alkoxy lower alkyl groups (eg methoxymethyl, ethoxymethyl, isobutoxymethyl); lower ali- 
phatic acyloxy lower alkyl groups, (eg acetoxymethyl, propionyloxymethyt. butyryloxymethyl, pivaloyloxyme- 
thyl); lower alkoxycarbonyloxy lower alkyl groups (eg 1-methoxycarbonyloxyethyl, 1-ethoxycarbonytoxyethyi); 
aryl lower alkyl groups (eg p-methoxybenzyl, o-nitrobenzyl, o-nitrobenzyl, benzhydryl and phthalidyl); tri(lower 
alky1)silyl groups (eg trimet hylsilyl and t-butyldimethylsQyl); tri(lower a1ky1)silyt lower alkyl groups (eg trimethyt- 
silylethyl); diaryl(lower alkyl)sily1 groups (e.g. o-butyidiphenyisilyl); and (2-6C)alkenyl groups (eg ally! and vi- 
nyl ethyl). 

Methods particularly appropriate for the removal of carboxyl protecting groups include for example acid-, 
base-, metal- or enzymically-catalysed hydrolysis, for groups such as p-nitrobenzytoxy carbonyl, hydrogena- 
tion, and for groups such as o-nitrobenzyloxycarbonyl, photolytic methods. 

Examples of hydroxy! protecting groups include lower alkenyl groups (eg allyl); lower aJkanoyi groups (eg 
acetyl); lower alkoxycarbonyl groups (eg t-butoxycarbonyl); lower alkenyloxycarbonyl groups (eg allyloxycar- 
bonyl); aryl lower alkoxycarbonyl groups (eg benzoyloxycarbonyl, p^methoxybenzyloxycarbonyl, o-nitroben- 
zyloxy carbonyl, £- nitro be nzyloxy carbonyl); tri lower alkylsilyl (eg trimethylsilyl, t-butyldimet hylsilyl) groups; dia- 
ryl (lower alkyl)silyl groups (eg t-butytdiphenylsilyl); and aryl lower alkyl (eg benzyl) groups. 

Examples of amino protecting groups include formyt, aralkyi groups (eg benzyl and substituted benzyl, eg 
p-methoxybenzyl, nitro benzyl and 2,4-dimethoxybenzyt, and triphenytmethyl); di-£-anisytmethyl and furyime- 
thyl groups; lower alkoxycarbonyl (eg t-butoxycarbonyl); lower alkenyloxycarbonyl (eg allyioxycarbonyi); aryl 
lower alkoxycarbonyl groups (eg benzyloxycarbonyi, g-methoxybenzytoxycarbonyl, o-nrtrobenzyloxycarbonyi, 
pj-nitrobenzyloxycarbonyl); trialkylsilyl (eg trimet hylsilyl and t- but yidimet hylsilyl) groups; diaryl (lower alkyl) silyi 
groups (e.g. t-butyldiphenylsilyl); alkyl id en e (eg methytidene); benzyl kJene and substituted benzytidene 
groups. 

Methods appropriate for the removal of hydroxy and amino protecting groups include for example acid-, 
base-, metal- or enzymically-catalysed hydrolysis, for groups such as j>-nitrobenzyloxy carbonyl, hydroge na- 
tion, and for groups such as o-nitrobenzyloxycarbonyl, photolytic methods. 

In another aspect of the present invention the compounds of the formulae (I) and (V) may be prepared by 

a) reacting compounds of the formulae (VI) and (VII): 




(VII) 



wherein A, X, R2-R 10 are as hereinbefore defined and L is a leaving group, or 
b) cydising a compound of the formula (VIII): 




(VIII) 
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wherein A, X, R2-R 10 ash r inbefore defined and R 11 -R 13 are independently selected from C^aJkoxy, ar- 
yloxy, di-C^alkylamin and diarylamin or any two of R 11 -R 13 repres nt o-phenyienedioxy; or one of R 11 - 
R 13 is C 1 _ 4 alkyl a allyl t benzyl or phenyl, and the other tw values are independently selected from C^alkyt, 
trif luoromethyl or phenyl, wherein any phenyl group is optionally substituted with Chalky! or C^alkoxy: 
and wherein any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutical^ acceptable salt; 

(iii) esterif ying to form an in vivo hydrolysable ester. 

Suitably in the compound of the formula (VI) Lis the reactive ester of a hydroxy group such as a sulphonate 
(for example C^alkanesulphonytoxy, trifluoromethanesulphonyloxy, benzenesulphonyioxy, toluenesulphony- 
loxy), a phosphoric ester (for example a diaryiphosphoric ester such as diphenytphosphoric ester) or L is a ha- 
nds (for example chloride). In an alternative L is a sulphoxide for example -SOCH=CH-NHCOCH3 which may 
be readily displaced. Preferably L is diphenytphosphoric ester (-OP(0)(OPh)2). 

Compounds of the formula (VI) and their preparation are well known in the carbapenem literature, for ex- 
ample see EP-A- 126587, EP- A- 160391, EP-A-243686 and EP-A-343499. 

The reaction between the compounds of the formulae (VI) and (VII) is typically performed in the presence 
of a base such as an organic amine for example dMsopropytethylamine or an inorganic base for example an 
alkali metal carbonate such as potassium carbonate. The reaction is conveniently performed at a temperature 
between -25°C and ambient, suitably at about -20°C. The reaction is generally performed in an organic solvent 
such as acetonitrile or dimethytformamide. The reaction is generally performed in a manner similar to that de- 
scribed in the literature for similar reactions. 

The compounds of the formula (VII) are novel and form another aspect of the present invention. 

The compounds of the formula (VII) may be prepared by the deprotection of a compound of the formula 

(IX): 




(IX) 

wherein A, X, R3-R 8 , R 8 and R 9 as hereinbefore defined and R 14 is a protecting group, for example C^alkan yi 
or C^alkoxycarbonyl. Preferred values for R 14 are acetyl and t-butoxycarbonyt. The compounds of the formula 
(IX) can be converted to the compounds of the formula (VII) by standard methods of deprotection, for example 
acetyl groups can be removed by basic hydrolysis in aqueous alkanol or alkenol for example ally! alcohol. 
The compounds of the formula (IX) are novel and form another aspect of the present invention. 
The compounds of the formula (IX) may be prepared by the reaction of an activated derivative of a com- 
40 pound of the formula (X), which may be formed in situ, with a compound of the formula (XI): 



wherein A, X, R 3 -R 8 , R 8 , R 9 and R 14 are as hereinbefore defined. Activated derivatives of the compound of the 
formula (X) include acid halides, anhydrides and 'activated' esters such as 1 H-benzo[1,2,3] triazol-1-yl, pen- 
tafluorophenyt and 2,4,5-trichlorophenyl esters or the benzimidazol-2-yl ester of the thiocarboxylic acid cor- 
responding to (X). The reaction of the compounds of the formulae (X) and (XI) is performed under standard 
methods, for example in the presence of Vilsmeier reagent (thus forming the reactive derivative of (X) in situ) 
at temperatures in the region -30°C to 25°C, preferably in the region -20°C to 5°C, or in the presence "of sul- 
phonyl chloride at ambient temperature. 
55 The compounds of the formulae (X) and (XI) ar prepared by standard methods known to the skilled chem- 

ist such as the methods of the Examples hereinafter, the methods described in EP-A-1 26587 or by methods 
analogous or similar theret . 

Compounds of th formula (IX), wherein X contains a -CONR 3 - group directly linked to ring A, may also 
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10 



35 



40 



45 



be prepared by reacting an activated derivative of a compound of the formula (XX), which may be formed in 
situ, with a compound f formula (XXI): 

J (XX) HNfltVx^COOR 6 (XXI) 



wherein R 5 t R 6 , R 8 , R® and R 14 are as hereinbefore defined and X is alkanediyl. Activated derivatives of the 
compounds of formula (XX) may include the activated derivatives described for the compounds of formula (X). 
15 In general, the reaction between compounds of the formulae (XX) and (XXI) js performed under similar 

conditions to those used in the reaction between compounds of the formulae (X) and (XI). The reaction may 
be performed between the acid chloride of (XX) and a compound of formula (XXI) in a solvent such as dichloro- 
methane in the presence of trimethyisiiyichloride and a base such as diisopropylethylamine in a temperature 
range of -30°C to 25°C. 

20 The compounds of the formula (XX) may be prepared by reacting a compound of the formula (X) with a 

compound of the formula R^H-A-COOR 20 , wherein R 20 is a carboxy protecting group, and subsequently re- 
moving R 20 . The compounds of the formulae (XX) and R 8 NH-A-COOR 20 may be reacted together under similar 
conditions to those described for the reaction between compounds of the formulae (X) and (XI). 

The compounds of the formulae (XXI) and R^H-A-COOR 20 are either known in the art or prepared by 
25 standard methods known to the skilled chemist 

Suitably, in the compounds of the formula (VIII), R 11 -R 13 are independently selected from C1-6 alkoxy such 
as methoxy, ethoxy, isopropoxy, n-propoxy or n-butoxy; aryloxy such as optionally phenoxy; di-C^alky) amino 
such as dimethylamino or diethyiamino; diarylamino such as diphenylamino or any two of R 11 -R 13 represent 
o-phenyienedioxy. Preferably each of R 11 -R 13 have the same value and are C^lkoxy for example methoxy, 
30 ethoxy, isopropoxy or n-butoxy or are phenoxy. 

The compounds of the formula (VIII) are cyclized under conventional conditions known in the art to form 
compounds of the formula (V). Typical conditions are heating in a substantially inert organic solvent such as 
toluene, xylene or ethyl acetate at temperatures in the region 60-1 50°C. Typically the reaction is performed 
in an atmosphere of nitrogen and is carried out in the presence of a radical scavenger for example hydroqui- 
none. 

The compounds of the formula (VIII) may be formed and cyclized in situ . The compounds of the formula 
(VIII) may conveniently be prepared by reacting compounds of the formulae (XII) and (XIII): 



er. * j -^^a-x-^oA." 



(XII) 

Y 



PR"R 12 R 13 (XIII) 

wherein A, X, R*-R 13 are as hereinbefore defined. Suitably the compound of the formula (XIII) is a phosphite 
or is the functional equivalent of such a compound. 

The reaction between the compounds of the formulae (XII) and (XIII) Is conveniently performed in an or- 
ganic solvent such as toluene, xyl ne, ethyl acetat , chloroform, dichlorom thane, acetonitrile or dimethylfor- 
mamide. Typically the reaction is carried out at an elevated temperature for example 60-1 50°C. 

Th compounds of th formula (XII) may b . prepared by a number of methods known in the art For ex- 
ample the compounds of th formula (XII) may be prepared by the acylation of a compound of the formula 
(XIV): 
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(XIV) 



wherein A, X, R*-R 6 t and R*-R 10 are as hereinbefore defined with a compound of the formula (XV): 
10 CI-CO-COOR7 (XV) 

wherein R 7 is as hereinbefore defined. 

The compounds of the formula (XIV) may be prepared by reacting compounds of the formulae (XVI) and 
(VII): 




(XVI) 



wherein R 2 and R 10 are as hereinbefore defined. The compounds of the formula (XVI) are known in the art 
and may be reacted with the compounds of the formula (VII) under conventional acylation methods known in 
25 the art 

Compounds of the formulae (V), (VII), (VIII), (IX), (XII) and (XIV) are novel and, as such, form another as- 
pect of this invention. 

The following biological test methods, data and Examples serve to illustrate the present invention. 
30 Antibacterial Activity 

The pharmaceutical^ acceptable carbapenem compounds of the present invention are useful antibacterial 
agents having a broad spectrum of activity in vitro against standard laboratory microorganisms, both Gram- 
negative and Gram-positive, which are used to screen for activity against pathogenic bacteria. The antibacterial 
35 spectrum and potency of a particular compound may be determined in a standard test system. In particular 
the carbapenems of the present invention show good stability to beta-lactamases and in general show partic- 
ularly good pharmacokinetics especially with regard to half life in mammals. Representative compounds show 
significant improvement over tmipenem. 

The antibacterial properties of the compounds of the invention may also be demonstrated in vivo in c n- 
40 ventional tests. 

Carbapenem compounds have generally been found to be relatively non-toxic to warm-blooded animals, 
and this generalisation holds true for the compounds of the present invention. Compounds representative of 
the present invention were administered to marmosets at doses in excess of those required to afford protection 
against bacterial infections, and no overt toxic symptoms or side effects attributable to the administered com- 
45 pounds were noted. 

The following results were obtained for representative compounds on a standard in vitro test system using 
Diagnostic Sensitivity Test The antibacterial activity is described in terms of the minimum inhibitory concen- 
tration (MIC) determined by the agar-dilution technique with an inoculum size of 10* CFU/spot 

50 



55 
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MIC 


(ug/ral) 






ORGANISM 






EXAMPLE 








| 1 


2 


3 


7 


ceftriaxone 


Knfprnharfpr 

cloacae -029 


| 0.13 


0.25 


0.06 


0.13 


0.06 


E. coli 
TEH 


0.03 


0.06 


0.03 


0.03 


0.03 


S * aureus 
147N 


0.13 


0.25 


0.25 


0-25 


2.0 


Enterobacter 
cloacae 108 | 


2.0 


4.0 


1.0 


1.0 


32.0 | 



In the examples: 

(a) NMR spectra were taken at 2 00 H Hz, 250 MHz or 400MHz; 

(b) AJIyloxy means the propen-1-yloxy group -OCH 2 CH=CH 2 and allyl means the propen-1-yl group 
-CH2CH = CH2t 

(c) THF means tetrahydrofuran; 

(d) DMF means dimethylformamide; 

(e) Meldrum's acid is 2,2-dimethyl-1,3-dioxane-4,6-dione. 

(f) Evaporation of solvents was carried out under reduced pressure. 
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Example 


POSITION OF PHENYL SUBSTITUENTS 
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20 

Example 1 



(1R,5S.6S,8R,2 , S t 4 , S)-2-(2^3-(E-2-Cartx>xy^^ 
thy!)-1-methy1carbapenem-3-carboxylic acid, disodium salt 

25 To a solution of allyl (1R t 5S I 6S,8R f 2'S,4 , S)-2-(1-allytox^ 

ny1)pheny1carbamoyi)pyrrolidin^y1tN^ (240 mg, 

0.36 mM) and Meldrum's acid (312 mg, 2.16 mM) in a mixture of DMF (2 ml) and THF (1 ml), under an argon 
atmosphere was added tetrakis(triphenylphosphine)palladium (42 mg, 0.036 mM). The solution was stirred, un- 
der argon with protection from the light for 1 hour. A solution of sodium 2-ethylhexanoate (120 mg, 0.72 mM) 

30 in THF (2 mi) was added, followed by THF (1 0 ml). The precipitated product was separated by centrifugati n, 
and washed successively with small portions of THF and diethyl ether, and dried. Crude material was dissolved 
in water (10 ml) and NaHC0 3 (120 mg) added with stirring, and the mixture purified by chromatography on a 
CHP20P column eluted with water, to give title compound (26%). 

NMR(DMSO-de/CD 3 COOD):8 1.19 (d, 6H); 1.79 (m, partobscured, 1 H); 2.63-2.78 (m, 1H);2.88(dd, 1H); 3.21 
35 (dd, 1H); 3.40 (m, 1H); 3.49 (dd, 1H); 3.73 (quintet, 1H); 3.99 (quintet, 1H); 4.05 (t, 1H); 4.18 (dd, 1H); 6.48 (d, 
1H); 7.39 (m, 2H); 7.55 (d, 1H); 7.73 (m, 1H); 7.91 (d, 1H). 

MS (+ve FAB): 524 (MH) + (mono Na salt); 546 (MH) + (di Na salt). The starting materials were prepared as fol- 
lows: 

40 Allyl 3-nitrocinnamate 

3-Nitrocinnamfc acid (5.0, 25.9 mM) was dissolved in DMF (50 ml), and anhydrous K 2 C0 3 (7.15 g, 51.8 
mM) added with stirring. Ally! bromide (3.36 ml, 38.8 mM) was run in, and the mixture stirred for 18 hours at 
ambient temperature. After ffltration, the solvent was evaporated, the residue treated with water, and product 
extracted into diethyl ether (2x100 ml). The organic solution was washed with an aqueous solution of NaHC0 3 , 
water, and brine, and dried (MgS0 4 ). Evaporation of the solvent gave title compound (6 g). 
NMR (CDCI 3 ): 6 4.74 (dt, 2H); 5.29-5.45 (m, 2H); 5.94-6.09 (m, 1H); 6.59 (d, 1H); 7.59 (t, 1H); 7.75 (d, 1H); 
7.83 (dm, 1H); 8.24 (dm, 1H); 8.40 (t, 1H). 
MS (CI): 233 M + ; 251 (M + NHi) + . 

Allyl 3-aminocinnamate 

Crud allyl 3-nitrocinnamate (3 g, 12.9 mM) was dissolved in ethyl acetate (10 ml) and added slowly to a 
ss stirred suspension of SnCl2.2H 2 0 (14.52 g, 64 mM) in ethyl acetate (20 ml). The mixture was refluxed under 
argon for 3 hours, cooled, and poured into a mixtur of ammonia (sg 880, 15 ml) and water (5 ml). Ethyl acetate 
(50 ml) was added, and the organic layer separated by decantation. Two further extractions with ethyl acetate 
(each 50 ml) were made similarly. The combined extracts were washed with water and brine, dried (MgS0 4 ) 
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and evaporated t give title compound (2.6 g). 
* NMR (CDCW: 6 3.55 (br, 2H); 4.70 (dt, 2H); 5.23-5.42 (m. 2H); 5.89-6.09 (m, 1H); 6.40 (d. 1H); 6.72 (dm, 1 H); 
6.83 (t, 1H); 6.93 (dm, 1H); 7.17 (t, 1H); 7.62 (d, 1H). 
MS (CI): 204 (MH) + ; 221 (M + NhU) + . 
(2S,4S)^Acetv1thicM-allYloxvca^ 

Vilsmeier reagent was prepared by treatment of DMF (0.63 ml, 8.1 mM) in dichloromethane (25 ml) under 
argon with oxalyl chloride (0.64 ml, 7.4 mM) at -10° for 30 minutes. (2S,4S)-4-Acetyithk>-1 -allyloxycarbonyl- 

2- carboxypyrrolidine (2.02 g, 7.4 mM) in dichloromethane (5 ml) was added to this in one portion, followed by 
N-methylmorphoiine (0.97 ml, 8.9 mM) in dichloromethane (3 ml) and stirring continued for 30 minutes at -15°. 
After cooling to 20°, allyl 3-aminocinnamate (1.5 g, 7.4 mM) and N-methylmorphoiine (0.97 ml, 8.9 mM) in di- 
chloromethane (5 ml) were added. The temperature was allowed to rise to 5° and stirring continued for 1 8 hours. 
After dilution with dichloromethane (1 00 ml), the mixture was washed with 1 M hydrochloric acid (20 ml), water, 
saturated aqueous NaHC0 3 , and brine, and dried (MgS0 4 ). Purification by medium pressure chromatography 
using a gradient of dichloromethane to dichloromethane/diethyl ether (9:1) gave title compound (1 .39 g). NMR 
(CDCI 3 ): 8 2.32 (s, 3H); 2.50 (br m, 2H); 3.39 (dd, 1 H); 4.03 (quintet, 1H); 4.15 (dd, 1H); 4.56 (t. 1H); 4.63-4.73 
(m. 4H); 5.22-5.43 (m, 4H); 5.85-6.09 (m. 2H); 6.47 (d, 1H); 7.26 (dm, 1H); 7.32 (t, 1H); 7.50 (dt, 1H); 7.67 (d, 
1H); 7.77 (br s, 1H); 9.72 (br, 1H). MS (CI): 459 (MH) + . 
(2S,4SM-AlMoxvcart»nyl-2-(3-(E-2-alM^ 

(2S,4S)-4-ActttylthkM -allyloxycarto^ 
dine (1.3 g, 2.84 mM) was dissolved in allyl alcohol (30 ml), and the solution flushed with argon. A 1M aqueous 
solution of sodium hydroxide (3.0 ml, 3 mM) was added and the mixture was stirred at ambient temperature 
for 3 hours. Glacial acetic acid (0.25 ml) was added, and solvent removed by evaporation. The residue taken 
up in ethyl acetate (50 ml), and washed with 2M hydrochloric acid (10 ml), followed by water (10 ml), aqueous 
NaHC0 3 (10 ml), and brine, and dried (MgS0 4 ). Removal of the solvent gave title compound (1.15 g). This was 
used immediately in the next stage. 
Allyt(1R t 5S.6S.8R.2 , S.4 , S)-2-(1-allyloxycarb^ 

rolidin-4-ylt hio)-6-(1 -hydroxvet h yl)- 1 -met hylcarbapenem-3-carboxylate 

A solution of allyl (1R v 5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryloxycarbapenem-3- 
carboxylate (1 .24 g, 2.49 mM) was dissolved in dry acetonttrile (15 ml) at -20°, and the flask flushed with argon. 
Ethyldiisopropylamine (0.48 ml, 2.74 mM) was added, followed by (2S,4S)-1-ally1oxycarbonyl-2-(3-(E-2-ally- 
loxycarbonyt-1-ethenyl)carbamoyi)pyrrolidin-4-ylthiol (1.14 g, 2.74 mM) in acetonitrile (5 ml), and the mix stor- 
ed at -20° for 24 hours. The solvent was evaporated and the residue purified by medium pressure chromatog- 
raphy with gradient elution from dichloromethane to dichloromethane/et hyl acetate (1 :1) to give title compound 
(500 mg). 

NMR (CDCI3): 5 1.26 (d, 3H); 1.34 (d, 3H); 2.65 (br m, 2H); 3.26,3.30 (dd overlapping quintet, 2H); 3.50 (brm, 
1H); 3.80 (quintet, 1H); 3.99 (dd, 1 H) 4.20-4.31 (overlapping m, 2H); 4.54 (t, 1 H); 4.63-4.76 (m, 6H); 5.19-5.44 
(m, 6H); 5.85-6.08 (m, 3H); 6.51 (d, 1H); 7.24 (m, 1H); 7.37 (t, 1H); 7.59 (d, 1H); 7.70 (d, 1H); 7.81 (br s, 1H); 
8.93 (br, 1H). 

MS (+ve FAB): 666 (MH) + ; 688 (M + Na) + . 
Example 2 

(1R,5S,6S > 8R t 2 t S,4 , S)-2-(2-(3-(E-2-Carboxy-1-et^^ 
hydroxyethyl)-1-methylcarbapenem-3-carboxyiic acid, disodium salt 

The title compound was prepared from the corresponding allyl protected compound by the method de- 
scribed in example 1, except that the crude sodium salt was precipitated by ether, not THF. NMR (DMSO- 
de/CD 3 COOD): 5 1.18 (d, 6H); 1 .78 (m, 1H); 2.60-2.86 (m. 2H); 3.20 (dd, 1H); 3.41 (quintet 1H); 3.47-3.69 (m, 
2H); 3.93-4.08 (m, 2H); 4.07 (dd, 1H); 6.23 (d, 1H); 6.93 (d, 1H); 7.24 (dd, 1H); 7.49 (d, 1H); 8.44 (d, 1H). 
MS (-ve FAB): 516 (M - H)~. 

The starting materials were prepared as follows: 

4-Hydroxy-3-nitrobenza!dehyde was allylated using the method described in example 1, using 4-hydroxy- 

3- nitrobenzaldehyde in place of 3-nitrocinnamic acid to give 4-allyloxy-3-nttrobenzaldehyde. NMR (CDCI 3 ): 8 4.80 
(dt, 2H); 5.36-5.56 (m, 2H); 5.96-6.16 (m, 1H); 7.22 (d, 1H); 8.06 (dd, 1H) 8.35 (d, 1H) 9.34 (s, 1H). 
MS(+v FAB): 207 (MH) + . 

4- Allyloxy-3-nitrodnnamic acid 

4-Allyloxy-3-nitrobenzaldehyde (5 g, 24.1 mM) was dissolved in pyridin (100 ml) and malonic acid (5.02 
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g, 48.3 mM) and piperidine (0.48 ml, 4.8 mM) added. The mixture was heated to reflux with stirring for 2 hours, 
cooled, and poured onto a mixture of concentrated hydrochloric acid and ice. Organ ics were extracted Into ethyl 
acetat , the organic layer washed with 2M hydrochl ric acid, and product back- xtracted into aqueous NaH- 
C0 3 . The aqueous solution was then re-acidified (concentrated hydrochloric acid), and organics extracted into 
ethyl acetate, washed with brine, and dried (MgS0 4 ), to give title compound (4.23 g). 

NMR (CDCI3): 8 4.74 (dt 2H); 5.33-5.56 (m, 2H); 5.95-6.05 (m. 1H); 6.40 (d, 1H); 7.11 (d, 1H); 7.68,7.69 (dd 
overlapping d, 2H) 8.03 (d, 1H). 
MS (El): 249 M+. 

4-AJIyloxy-3-nitrocinnamic acid was allytated using the method described in example 1, using 4-aIlyloxy- 
3-nitrocinnamic acid in place of 3-nitrocinnamic acid to give allyl 4-aIlyloxy-3-nitrocinnamate. 
NMR (CDCI3): 8 4.72 (m, 4H); 5.25-5.53 (m, 4H); 5.91-6.11 (m, 2H); 6.41 (d, 1H); 7.09 (d. 1H); 7*63 (d, 1H); 
7.65 (dd, 1H) 8.01 (d, 1H). 
MS (El): 189 M + . 

Allyl 4-aily1oxy-3-nitrocinnamate was reduced by the method described in example 1 using ally! 4-aIlyloxy- 
3-nitrocinnamate in place of allyl 3-nrtrocinnamate, to give allyl 4-a!lytoxy-3-aminocinnamate. NMR (CDCI 3 ): 8 
3.75 (br, 2H); 4.60 (dt, 2H); 4.70 (dt, 2H); 5.22-5.45 (m, 4H); 5.89-6.16 (m, 2H); 6.27 (d, 1H); 6.76 (d, 1H); 6.86- 
6.91 (m,2H); 7.59 (d, 1H). 
MS (CI): 260 (MH) + . 

Allyl 4-allytoxy-3-aminocinnamate was condensed with (2S,4S)-4-acetylthio-1-aIlyloxycarbonyl-2-carbox- 
ypyrrolidine by the method described in example 1 for allyl 3-aminocinnamate to give (2S t 4S)*4-acetylthio-1- 
allyloxycarbonyl-2-(6-ally!oxy-3-(E-2-^^ pyrrolidine. 
NMR (CDCI3): 8 2.31 (s, 3H); 2.49 (br. 1H); 2.68 (br, 1H); 3.40 (dd, 1H); 4.03 (quintet, 1H); 4.16 (dd, 1H); 4.57 
(m, part obscured, 1H); 4.60-4.72 (m, 6H); 5.18-5.47 (m, 6H); 5.81-6.17 (m, 3H); 6.41 (d, 1H); 6.87 (d, 1H); 
7.20 (dd, 1H); 7.66 (d, 1H); 8.67 (d, 1H); 8.97 (br, 1H). 
MS (-ve FAB): 513 (M - H)~. 

(2S,4SH-Acetytthk>-1 -aflyloxycato 
rolidine was deacetylated and condensed with allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenyl- 
phosphoryloxycarbapenem-3-carboxyiate by the method described in example 1 for (2S,4S)-4-acetylthio-1- 
allyloxy<^rbonyf-2-(3-(E-2-allyloxycarbonyl-^ except that purification 

by medium pressure chromatography used a gradient elution from dichloromethane to ethyl acetate/dichloro- 
methane (4:1), to give allyl (1R,5S,6S,8R,2 , S,4'S)-2-(1-allyloxycart>onyl-2-(6-allyioxy-3-(E-2-allyloxyra 
1-ethenyi)phenylcarbamoyl)py^ 

NMR (CDCI3): 8 1.27 (d, 3H); 1.35 (d, 3H); 2.47 (br, 1H); 2.68 (br, 1H); 3.25,3.29 (dd overlapping quintet, 2H); 
3.44 (dd, 1H); 3.80 (quintet 1H); 4.10-4.32 (m, 3H); 4.49-4.70 (complex m, 9H); 5.18-5.47 (m, 8H); 5.81-6.12 
(m, 4H); 6.40 (d, 1H); 6.86 (d, 1H); 7.20 (dd, 1H); 7.65 (d. 1H); 8.67 (d, 1H); 8.84 (br, 1H). MS (+ve FAB): 722 
(MH) + . 

Example 3 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(3-Carpoxymethox^ 
methytcarbapenem-3-carboxylic acid, disodium salt 

The title compound was prepared from the corresponding allyl protected compound by the method de- 
scribed in example 1. NMR (DMSO-de/CD 3 COOD): 8 1.19 (d, 6H); 1.94 (m, part obscured, 1H); 2.87 (m, 1H); 
3.14 (dd, 1H); 3.24 (dd, 1H); 3.40 (quintet 1H); 3.69 (dd, 1H); 3.92 (quintet 1H); 4.02 (quintet 1H); 4.21 (dd. 
1H); 4.32 (t 1H); 4.59 (s, 2H); 6.67 (dm, 1H), 7.17-7.30 (m, 3H). MS (+ve FAB): 528 (MH) + (mono Na salt); 550 
(MH) + (di Na salt). 

The starting materials were prepared as follows: 

3-Nitrophenoxyacetic acid was allylated using the method described in example 1, using 3-nitrophenox- 
yacetic acid in place of 3-nitrocinnamic acid to give allyl 3-nitrophenoxyacetate. NMR (CDCI3): 8 4.72,4.74 (s, 
overlapping dt 4H); 5.26-5.42 (m, 2H); 5.84-6.03 (m, 1H); 7.28 (dm. 1H); 7.46 (t 1H); 7.73 (t 1H); 7.89 (dm, 
1H). 

MS (El): 237 M+. 

Allyl 3-aminoph noxyacetate 

Allyl 3-nitrophenoxyacetate (5 g, 0.021 M) was dissolved in a mixture of ethyl acetat (45 ml) and t-butanol 
(5 ml), and Snd 2 - 2H 2 0 (23.79 g, 0.105 M) added. After stirring and heating at 60° for 1 hour, sodium boro- 
hydrid (399 mg, 0.0105 M) was add d in portions, and heating continued for another 2 hours. Solvent was 
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removed, the residue was taken up in water, and the pH adjusted to 7.6 with aqueous NaHCO^ Organics were 
extracted into ethyl acetate, and the combined organic layers washed with aqueous NaHC0 3 , water, brin , 
and dried (MgS0 4 ). Evaporation gave the titi compound (2.61 g). NMR (CDa 3 ): 6 3.67 (br, 2H); 4.59 (s, 2H); 
4.68 (dm, 2H); 5.21-5.36 (m, 2H); 5.83-6.02 (m, 1H); 6.25-6.34 (m, 1H); 7.03 (t, 1H). 
MS (CI): 207 (MH) + . 

(2S.4S)-4-Acetytthio-1-allyloxycarfaonyl-2-(3-allyloxy 

(2S,4S)-4-Acetylthk>-1-allyloxycart>onyl-2-cart^^ (1.59 g, 5.82 mM), aJlyl 3-aminophenoxya- 

cetate (2.5 g, 0.012 M), and 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (3.88 g t 0.016 M) were dissolved 
in toluene (50 ml) and stirred 18 h at ambient temperature. The reaction mixture was diluted with ethyl acetate 
(1 50 ml) and washed with 2M hydrochloric acid (2 x 30 ml), water, saturated NaHC0 3t and brine. Crude product 
was purified by chromatography on silica, using a gradient from dichloromethane to dichloromethane/diethyl 
ether (4:1), to give title compound (3.0 g). 

NMR (COd 3 ): 5 2.33 (s, 3H); 2.59 (br, 2H); 3.38 (br m, 1H); 4.02 (quintet, 1H); 4.13 (dd, 1H); 4.55 (t, 1H); 
4.66,4.63-4.75 (s overlapping m. 6H); 5.23-5.41 (m, 4H); 5.84-6.05 (m, 2H); 6.68 (dd, 1H); 7.05 (d, 1H); 7.22 
(t, 1H); 7.32 (t 1H); 9.14 (br, 1H). 
MS (+ve FAB): 463 (MH) + ; 485 (M + Na) + . 

(2S,4S)-4-Acetylthio-1-allyloxycart>ony^ was 
deacetylated and condensed with allyl (1K5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-dipheny1phosphorylox- 
ycarbapenem-3-carboxylate by the method described in example 1 for (2S f 4S)-4-acetylthio-1-aIIyloxycartx>- 
nyl-2-(3-(E-2-<^u1x>xy-1-ethenyl)pheny1cai1)amoyl)pyrrolidine, except that purification by medium pressure 
chromatography used a gradient elution from dichloromethane to ethyl acetate/dichloromethane (3:2), to give 
allyl (1R,5S,6S,8R t 2'S,4 , S)-2-(1-allytoxycarttt^ 
4-yfthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-cart>oxylate. 

NMR(CDCI 3 ): 6 1.24 (d, 3H); 1 .36 (d, 3H); 2.64 (br, 2H); 3.26 (dd overlapping m, 2H); 3.48 (br, 1H); 3.80 (quintet, 
1H); 4.02 (dd, 1H); 4.44 (dd overlapping m, 2H); 4.51 (t, 1H); 4.70,4.65-4.75 (s overlapping m, 8H); 5.21-5.47 
(m, 6H); 5.87-6.02 (m, 3H); 6.70 (dm, 1H); 7.09 (br d. 1H); 7.23 (t, 1H); 7.35 (t, 1H); 8.87 (br, 1H). MS (+ve 
FAB): 670 (MH) + ; 692 (M + Na) + . 

Example 4 

(1R,5S,6S,8R t 2'S,4'S)-2-(2-(3-(2-Carboxyethyl)phen 
methylcarbapenem-3-cart)oxylic acid, disodium salt 

The title compound was prepared from the corresponding allyl protected compound by the method de- 
scribed in example 1 . 

NMR(DMSO-de/CD 3 COOD): 6 1.20 (d, 6H); 1.96 (m, part obscured, 1H); 2.56 (t, part obscured, 2H); 2.86,2.92 
(t overlapping m, 3H); 3.17-3.29 (overlapping m, 2H); 3.41 (quintet, 1H); 3.75 (dd, 1H); 3.96 (quintet, 1H); 4.03 
(quintet 1H); 4.22 (dd, 1H); 4.39 (t. 1H); 7.01 (d, 1H); 7.26 (t, 1H); 7.49 (m, 2H). 
MS (+ve FAB): 526 (MH) + (mono Na salt); 548 (MH) + (di Na salt). 
The starting materials were prepared as follows: 

3-(3-Aminophenyl)propionic acid 

3-Nitrocinnamic acid (1.5 g, 7.77 mM) was suspended in a mixture of ethand (80 ml) and water (20 ml), 
and palladium on charcoal (10%, 100 mg) added. The mixture was shaken in an atmosphere of hydrogen for 
4.5 hours, when uptake of gas complete. After filtration through diatomaceous earth, the solvent was removed 
to give title compound. 

NMR (CDCI 3 ): 5 2.65 (t, 2H); 2.87 (t, 2H); 4.44 (br, 2H); 6.52-6.63 (m, 3H); 7.08 (t, 1H). 
MS (CI): 166 (MH) + . 

Allyl 3-(3-Aminophenyl)propionate 

3-(3-Aminophenyl)propk>nic acid (1g, 6.06 mM) was dissolved in ally! alcohol (25 ml), and toluene-4-sul- 
fbnic acid (1.21 g, 6.36 mM) added. The mixture was heated to reflux, the distillate being passed through 3A 
molecular sieves, for 24 hours. Aft r neutralisation of the mixture with trie thyl amine, the solvent was removed, 
the residue dissolved in ethyl acetat , and washed with water, aqueous NaHC0 3 , brine, and dried (MgS0 4 ), 
to give title compound. 

NMR (CDC1 3 ): 8 2.63 (t, 2H); 2.87 (t, 2H); 3.61 (br, 2H); 4.58 (dt, 2H); 5.18-5.34 (m, 2H); 5.81-6.00 (m. 1H); 
6.51-6.61 (m, 3H); 7.06 (t, 1H). 
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MS (CO: 206 (MH) + ; 223 (M + NhU) + . - ' 

Ally! 3-(3-amin phenyl)propionatewascond nsed with (2S,4S)^acetylthi(>1-aJlyloxycartx)nyl-2-cart>ox- 
ypyrrolidine by the m thod described in xample 3 for allyl 3-nitrophen xyacetate, except that crude product 
was purified by chromatography on silica, using a gradient from dichloromethane to dichloromethane/diethyi 
ether (1:1), to give (2S,4S)-4-ac»tyithio-1-aJlyloxycarbonyl-2^ 
moyl)pyrrolidine. 

NMR (CDCI 3 ): 8 2.33 (s, 3H); 2.65 (t, overlapping br m, 4H); 2.95 (t. 2H); 3.39 (dd, 1 H); 4.03 (quintet, 1 H); 4.1 3 
(dd, 1H); 4.54 (t, part obscured, 1H); 4.57-4.70 (m. 4H); 5.21-5.38 (m, 4H); 5.83-6.01 (m, 2H); 6.86 (d, 1H); 
7.23 (t, 1H); 7.33-7.42 (m, 2H); 8.99 (br, 1H). 
MS (+ve FAB): 461 (MH) + ; 483 (M + Na) + . 

(2S,4S)-4-AcetyIthio-1 -allyloxycart>onyl-2-(3-(2-allyloxycarbonylett^^ was 
deacetylated and condensed with allyl (1R t 5R,6S,8R)-6-(1-hydroxyethyi)-1-fnethyl-2-dipheny1phosphory1ox- 
ycarbapenem-3-carboxylate by the method described in example 1 for (2S,4S)-4-acetyithio-1-aJlyloxycarbo- 
nyl-2-(3-(E-2-allyloxycarbonyl-1-etheny1) phenyl carbamoyl) pyrrolidine, except that purification by medium 
pressure chromatography used a gradient elution from dichloromethane to ethyl ace tate/dichlorome thane 
(7:3), to give allyl (1K5S,65,8R,2 , S,4'5)-2-(1-allyloxycart>onyl-2-(3-(2-allyloxycai^ 
moyl)pyrrolidin-4-yl t hio)-6-( 1 - hydroxyet hyl)- 1 -met hylcarbapenem-3-carboxylate. 

NMR(CDCI 3 ): 8 1.26 (d, 3H); 1.36 (d, 3H); 2.69 (t overlapping brm, 4H); 2.97 (t, 2H); 3.26,3.30 (dd overlapping 
quintet, 2H); 3.48 (br m. 1H); 3.80 (quintet 1H); 4.02 (dd, 1H); 4.21-4.29 (m, 2H); 4.51 (t, 1H); 4.57-4.80 (m, 
6H); 5.20-5.44 (m, 6H); 5.82-6.01 (m. 3H); 6.97 (d, 1H); 7.24 (t, 1H); 7.38-7.46 (m, 2H); 8.80 (br, 1H). 
MS (+ve FAB): 668 (MH) + ; 690 (M + Na) + . 

Example 5 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(5-Carboxymethyl-2-hydroxyphenylcarbamoyl)pyrron 
yethyl)-1-methylcarbapenem-3-carboxylic acid 

To a solution of allyl (1R f 5S,6S,8R,2 , S t 4'S)-2-(1-al1yloxycart^ 
phenyl carbamoyl)pyrrolidin-4-ytthio)-6-(1-hy (1.0 g, 1.55 

mM) and Meldrum's acid (1.79 g, 12.4 mM) in a mixture of DMF (8 ml) and THF (4 ml), under an argon atmos- 
phere was added tetrakis(triphenylphosphine)palladium (173 mg, 0.15 mM). The solution was stirred, under 
argon with protection from the light, for 1 hour, then dry THF (1 2 ml) was added, followed by anhydrous diethyl 
ether (50 ml). The precipitated product was separated by centrifugation, and washed successively with small 
portions of THF and diethyl ether, and dried. Crude material was dissolved in water and purified by chroma- 
tography on a CHP20P column eluted with water, to give title compound (12%). 

NMR (DMSO-de/CD 3 COOD): 81.18 (d, 6H); 1.81 (m, part obscured, 1H); 2.61-2.87 (overlapping m, 2H); 3.23 
(dd, IH); 3.44 (s, overlapping m, 3H); 3.60 (dd, 1H); 3.72 (quintet, 1H); 4.02 (quintet, 1H); 4.17 (t overlapping 
dd, 2H); 6.84 (brs, 2H); 7.97 (m, 1H). 
MS (+ve FAB): 506 (MH) + ; 528 (M + Na) + . 

The starting materials were prepared as follows: 

4-Hydroxy-3-nitrophenylacetic acid was allylated using the method described in example 1, using 4-hy- 
droxy-3-nitrophenylacetic acid in place of 3-nrtrocinnamic acid to give allyl 4-aIlyloxy-S-nitrophenyIacetate. 
NMR (CDCI3): 6 3.64 (s, 2H); 4.61 (dt, 2H); 4.68 (dt, 2H); 5.21-5.53 (m, 4H); 5.82-6.13 (m, 2H); 7.04 (d, 1H); 
7.44 (dd, 1H); 7.79 (d, 1H). Ally) 4-allyloxy-3-nitrocinnamate was reduced by the method described in exampl 
1 using allyl 4-allyloxy-3-nitropheny1acetate in place of allyl 3-nitrocinnamate, to give allyl 4-allytoxy-3-amino- 
phenylacetate. 

NMR (CDCI3): 8 3.50,3.52 (s overlapping br, 4H); 4.53-4.60 (m, 4H); 5.18-5.43 (m ( 4H); 5.83-6.14 (m, 2H); 6.60 
(dd, 1H); 6.68 (d, 1H); 6.72 (d, 2H). 
MS (CI): 248 (MH) + . 

Allyl 4-allyloxy-3-aminophenylacetate was condensed with (2S,4S)-4-acetylthio-1-allyioxycart>onyl-2-car- 
boxypyrrolidine by the method described in example 1 for allyl 3-aminocinnamate to give, after purification by 
chromatography on silica, using a gradient from dichloromethane to dichloromethane/diethyi ether (9:1), 
(2S,4S)-4-acetylthio-1-ally1oxycarbon 

NMR (CDCI3): 8 2.30 (s, 3H); 2.47 (br, 1H); 2.68 (br. 1H); 3.40 (dd. 1H); 3.60 (s, 2H); 4.03 (quintet, 1H); 4.17 
(dd, 1H); 4.54 (m, part obscured, 1H); 4.57-4.65 (m. 6H); 5.18-5.45 (m, 6H); 5.80-6.17 (m, 3H); 6.83 (d, 1H); 
6.98 (dd, 1H); 8.32 (d, 1H); 8.90 (br, 1H). 
MS (+ve FAB): 503 (MH) + ; 525 (M + Na) + . 

(2S,4S)^Acetylthk)-1-allyloxyc^rt>onyi-2-(2-ally1oxy-5-a]ly! xycarbonylmethylph nyt carbamoyl) pyrroli- 
dine was deacetylated and condensed with allyl (1R,5R,6S,8R)-6~(1-hydroxyethy1) 1-methyl-2-diphenylphos- 
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phoryl xycarbapen m-3-carboxylate by the method described in examp! 1 for(2S,4S)-4-acety1thio-1-aJlyiox- 
ycarbonyl-2-(3-(E-2-a!lyloxycarbonyl-1-eth nyl)phenyfcajt>amoy1)pyrrolidine, except that purification by me- 
dium pressure chromatography used a gradient eluti n from dichloromethan to ethyl acetate, to give allyl 
(1 R.5S^S ( 8R,ZS t 4 , S>-2^1^ly(oxycarbonyl-2-(2-aIlyl xy-5-ailyloxycarbonyirnethy^ 
lthio)-6-(1-hydroxyethy1)-1-methy1carbapenem-3-cart)oxylate. 

NMR (CDCI 3 ): 8 1.18 (d, 3H); 1.35 (d, 3H); 2.43 (br, 1H); 2.67 (br t 1H); 3.21,3.23 (dd overlapping quintet, 2H); 
3.43 (dd, 1H); 3.60 (s, 2H); 3.83 (quintet 1H); 4.10-4.25 (overlapping m, 3H); 4.50-4.66 (overlapping m, 9H); 
5.19-5.43 (m, 8H); 5.80-6.14 (m, 4H); 6.82 (d, 1H); 6.95 (dd, 1H); 8.32 (d, 1H); 8.73 (br, 1H). 
MS (+ve FAB): 710 (MH) + ; 732 (M + Na) + . 

Example 6 

(1R,5S f 6S t 8R,2'S,4'S)-2-(2-(3-Cart)oxymethy1phenylcarbamoylpyrroiidin-4-y1tn 
thylcarbapenem-3-carboxylic acid dipotassium salt 

A solution of 4-nitrobenzyl (1R,5S,6S,8R f 2'S,4 , S>-2-(1-(4- nitrobenzytoxycarbonyl)-2-(3-carboxymethyt- 
phenytcarbamoyl)pyrrolidirv4-ylthio)-6-(1-hydro^ 1.17 
mM) in a 1:1 mixture of H 2 0/ethyl acetate (10 ml) in the presence of KHC0 3 (235 mg, 2.3 mM) was hydrogen- 
ated at atmospheric pressure with Pd/C (10%, 940 mg) for 2 hours. The reaction mixture was filtered through 
diatomaceous earth which was washed with water. The aqueous phase was recovered and the product purified 
by preparative HPLC (C 18 Nucleosil; eluents: CH 3 CN/H 2 0). The fractions containing pure product were collect- 
ed, concentrated and freeze dried to give product (100 mg, 16%). 

NMR (DMSO-de/CD 3 COOD): 1.18 (2d, 6H); 1.75 (m t 1H); 2.65 (m, 1H); 2.82 (m, 1H); 3.18-(dd. 1H); 3.35 (m, 
2H), 3.52 (s, 2H); 3.7 (m, 1H); 3.98 (m, 2H); 4.12 (dd. 1H); 6.98 (d. 1H); 7.22 (t 1H); 7.52 (d, 1H); 7.58 (s f 1H). 
MS (+ve FAB): 566 (MH) + 604 (M+K) + . 

The starting material was prepared as follows: 

(2S,4SH-(4-Nitrobenzyloxycart>ony1)-2-(^ pyrrolidin-4-ytthioacetate. 

(2S,4S)-1-(4-Nitrobenzyloxycarbony()-4-acetylthio-2-carboxypyrrolidin (2.44g; 6.6 mM) was dissolved in 
SOCJ 2 (10 ml) in the presence of a drop of DMF and stirred at room temperature overnight Thionyl chloride 
was evaporated, the residual oil was then dissolved in toluene, evaporated and dried. The acid chloride in sol- 
ution in CH 2 C1 2 (5 ml) was added to a solution of 3-aminophenytacetic acid (1g, 6.6 mM) in CH 2 CI 2 (5 ml) in 
the presence of diisopropylethylamine (2.3 ml, 13.2 mM) at 0°C. The mixture was stirred for 1 hour at room 
temperature, the solvent evaporated, and the residue purified by HP 20SS chromatography, eluent H 2 O/0.01 
AcOH - CH 3 CN, to give title compound (1 g, 30%). 

NMR (DMSO-de): 2.0 (m. 1H); 2.35 (s, 3H); 2.8 (m, 1H); 3.25 (m, 1H); 3.5 (s, 2H); 3.95-4.2 (m, 2H); 4.4-4.5 
(dt 1H); 5.1-5.3 (m, 2H); 7.0 (d, 1H); 7.25 (m, 1H); 7.5 (m, 3H); 7.7 (d, 1H); 7.95 (d, 1H); 8.25 (d, 1H). 
4-Nitro benzyl (1 R.5S,6S,8K2 l S^SV2-(1-(4-nttix)benzvloxvcarbonv1V^ 
lidin^ylthio)-6-(1-hydroxvethyiyi-m 

(2S,4SH-(4-Nitroberizyloxycarbonyl)-2- carbamoyl)pyrrolidin-4-ylthioacetate (1 

g, 2 mM) in dioxane (10 ml) was stirred at room temperature with an aqueous solution of NaOH 1N (4 mJ, 4 
mM) for 2.5 hours. The mixture was then acidified to pH3 with 2N/HCI, evaporated and dried. The crude thiol 
thus obtained was soJubilized in DMF (8 ml) in the presence of 4-nitrobenzyl (1R,SR v 6S,8R)-6-(1-hydroxye- 
thyl)-1-methyl-2-diphenylphosphoryloxy carbapenem-3-carboxylate (1 .17 g, 2 mM), diisopropytamine (1 ml, 6 
mM), Bu 3 P (0.5 ml, 2mM) and H 2 0 (4 ul) and stirred at room temperature for 3 hours. The crude reaction mixture 
was purified by chromatography over HP 20SS (eluent CH 3 CN-H 2 0) to give after evaporation of the required 
fractions, title compound (940 mg, 50%). 

NMR: (DMSO-d6) 1.75 (m, 1H); 2.05 (m. 1H); 2.8 (m, 1H); 3.3 (dd, 1H); 3.45 (s, 2H); 3.6 (m, 1H); 4.0 (m, 2H); 
4.3 (m, 2H); 4.5 (dt 1H); 5.0-5.45 (m, 4H); 7.0 (d, 1H), 7.25 (m, 1H); 7.5 (t 3H); 7.7 (m, 3H); 7.9 (d, 1H); 8.2 
(m, 3H). 

Example 7 

(1 R t 5S,6^,8R f 2'S t 4 , S)-2(2-(3-Carbcxym )-6-(1-hydrox- 
yethyl)-1-methylcarbapenem-3-carboxy1ic acid, disodium salt 

T a solution of 4-nitrobenzyl (1R,5S,6S,8R,2'S,4'S)-2-(2-(3-aJlyloxycart>onyta^ 
carbamoyl)-1-(4-nitrobenzyloxycaito nem-3-car- 
boxylate (270 mg, 0.28 mM) and Meldrum's acid (119 mg, 0.83 mM) in THF (4 ml), under an argon atmosphere 
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with protection from the light, was added tetrakis(triphenylphosphin ) palladium (32 mg, 0.028 mM). The mix- 
ture was stirred at ambient temperature for 20 minutes. The solution was added to a mixture of thyl acetate 
(15 ml), water (15 ml) and NaHC0 3 (23 mg, 0.28 mM). 10% Pd/charcoal (150 mg) was added and the mixture 
hydrogenated in an atmosphere of hydrogen for 3 hours. Th catalyst was filtered, the filtrate was extracted 
5 with ethyl acetate (-20 mi) and ether (-20 ml) the pH adjusted from 4.5 to 7.0 with the addition of dilute aqueous 
NaHC0 3 solution and the aqueous layer was freeze-dried to give the title product (220 mg). 
NMR 8: 1.31 (d,3H); 1.33 (d, 3H); 2.05-2.15 (m, 1H); 3.00-3.08 (m, 1H); 3.30-3.45 (m, 2H); 3.52 (quintet 1H); 
3.88 (dd, 1H); 4.00-4.23 (m, 4H); 4.34 (dd, 1H); 4.58 (t, 1H); 7.59 (dd, 1H); 7.76 (d, 1H); 7.95 (dd f 1H); 8.25 (d, 
1H). 

10 The starting materials were prepared as follows: 

To a solution of 4-acetylthio-1-(4-nitrobenzyloxycart>om (1.85g; 5mM) in dichloro- 

methane (20 ml) was added oxaiyichloride (0.53 ml; 6mM). A few drops of DMF were added to catalyse the 
reaction. The mixture was stirred for 1 hour. In the meantime, to a solution of 3-aminobenzoic acid (1.35 g, 10 
mM) in dichloromethane (20 ml) was added diisopropylethyiamine (5.2 ml, 30 mM). This solution was cooled 

is to 0°C and stirred while the solution of the acid chloride (prepared above) was added from a syringe at such 
a rate as to keep the temperature below 10°C. When the addition was complete the mixture was stirred for a 
further 30 minutes without cooling and then evaporated to dryness. The residue was partitioned between ethyl 
acetate (200 ml) and hydrochloric acid (2M, 100 ml). The ethyl acetate layer was separated and washed suc- 
cessively with water (50 ml), saturated brine (50 ml) and then dried over magnesium sulphate and evaporated 

20 to give an oily solid (2.3 g). This was recrystallised from isopropanol (30 ml) to give the title compound as a 
white crystalline solid (1.6 g, m.p. 187-1 9 0°C). 

NMR 5(DMSO-d«): 1.97 (m,1H); 2.30 (s,3H; 2.80 (m,1 H); 3.39 (m,1 H); 4.04 (m,2H); 4.99 (dd,1H); 5.20 (dd,2H); 
7.39 (dd.1H); 7.56 (d,2H); 7.63 (m,1H); 7.78 (m.1H); 8.04 (d,2H); 8.16 (m,1H); 9.83 (s f 1H). 
To a solution of (2S,4S)-4-acetylthio-1-(4-nitrobenzyfoxycar^ 

25 dine (0.49 g, 1 mM) in dichloromethane (10 ml) was added oxalyl chloride (0.20 ml. 1.1 mM) and dimethylfor- 
mamide (2-3 drops). After 1 hour a further amount of oxalyl chloride (0.20 ml, 1.1 mM) and DMF (2-3 drops) 
were added and the mixture stirred for a further hour. The solution was evaporated to leave a yellow gum. Th 
gum was dissolved in dichloromethane (10 ml) and added to a suspension of 4-nitrobenzyl 2-aminoethanoate 
hydrochloride salt (0.30 g, 1.2 mM) and N-methylmorpholine (0.27 ml, 2.4 mM) in dichloromethane (10 ml). 

30 After 1 7 hours the mixture was diluted with dichloromethane (80 ml), washed with water (20 mi), brine (20 ml) 
and dried (MgS0 4 ). Purification by flash chromatography through silica using a gradient of dichloromethane 
to ethyl acetate as eluent gave (2S,4S)-4-acetylthio-1-(4-nitrobenzyloxycartw^ 
bonylmethylaminocarbony I) phenyl carbamoyl) pyrrolidine (380 mg). 

NMRS: 2.25-2.45 (brm + s t 4H); 2.50-2.70 (br m, 1H); 3.40-3.50 (m, 1H); 4.00 (q, 1H); 4.10-4.35 (m, 3H); 4.45- 
35 4.55 (br m, 1 H); 5.25-5.40 (m, 4H); 7.20 (brs, 1 H); 7.40-7.70 &8.20-8.30 (complicated broad peaks + doublets, 
11H). 

A solution of 4-nitrobenzyl (1R,5R,6S,8R)^1-hydroxyethy1H-n^thyl-2-diphenylphosphoi7loxyc^rbape- 
nem-3-carboxylate (340 mg, 0.56 mM) in acetonitrfle (5 ml) and dichloromethane (2 ml) was purged with argon and 
cooled in an ice bath. To this was added ethytdiisopropylamine (0.30 ml, 1.68 mM), then a solution of 1-(4-nitro- 

40 benzyloxycart»nyl)-2-(3-aJ^ (0.37 g, 0.56 

mM) [the thiol was generated from the acetylthio compound by the method of Example 1. In the course of 
this reaction, which was carried out in allyl alcohol, the 4-nitrobenzyl ester function exchanged to give the ally! 
ester] in acetonitrile (5 ml). The mixture was stood at 5°C for 17 hours, the solvent removed and the yellow 
gum purified by flash chromatography on silica eluting with a gradient from dichloromethane to ethyl acetate 

45 to acetonitrfle, giving 4-nitrobenzyl (1R f 5R,6S,8R,2'S,4'S)-2-(1-(4-nttrobenzyloxycarbonyl)-2- (3-allyloxycar- 
bonylmethylaminocarbonylphenylcaitoamo^ 
carboxylate as a yellow solid (310 mg). 

NMR 6: 1.24 (d, 3H); 1.35 (d, 3H); 2.2-3.0 (br m, 2H); 3.23-3.36 (m, 2H); 3.4-3.75 (br m, 1H); 3.76-3.90 (br m, 
1H); 3.97 (dd, 1H); 4.20-4.33 (m, 4H); 4.45-4.60 (m, 1H); 4.61-4.70 (m, 2H); 4.90-5.50 (m f 6H); 5.85 (m, 1H); 
so 6.85-7.05 (br s, 1H); 7.30-8.25 (complex pattern of broad peaks, doublets &double doublets, 12H). 

Example 8 

(1 R,5S,6S i 8R t 2 , S,4 , S)-2-(2-(3-Cart»xymethoxymethylphenylcaroa - hydroxy e- 

55 thyl)-1-methylcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding allyl protect- 
ed compound by the method described in example 1, except that DMF was replaced by DMSO, and crude 
product was sufficiently pure for use without chromatography. 

NMR (DMSO-dVCDaCOOD): B 1.1 9 (d, 6H); 1.97 (m, part obscurred, 1H); 2.88 (m, 1H); 3.17 (dd, 1H); 3.25 
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(dd, 1H); 3.40 (dt, 1H); 3.71 (dd, 1H); 3.93 (quintet. 1H); 3.96 (m. 1H); 4.07 (s. 2H); 4.22 (dd, 1H); 4.35 (t, 1H); 

4.56 (s f 2H); 7.10 (d, 1H); 7.33 (t 1H); 7.57-7.63 (m f 2H). 

MS (+ve FAB): 542 (MH) + (mono Na salt); 564 (MH) + (di Na salt). 

The starting materials were prepared as follows: 

t-Butyl 3-nitrobenzyloxyacetate 

3-Nitrobenzyl alcohol (5 g. 32.6 mM) was dissolved in DMF (200 ml) and cooled to 5°. Sodium hydride (60% 
in oil, 1.57 g, 39.2 mM) was added to the stirred solution in portions over 30 minutes, and the mixture cooled 
to -20°. t-Butyl bromoacetate (5.27 mi, 32.6 mM) was run in dropwise, and the mixture allowed to warm to am- 
bient temperature overnight Solvent was evaporated, the residue treated with water, and organics extracted, 
into ethyl acetate. The combined organic layers were washed with water and brine, and dried over MgSO*. 
Crude product was purified by chromatography on silica, eluting with a gradient from hexane/dichloromethane 
(95:5) to dichloromethane, to give t-butyt 3-nitrobenzyloxyacetate (7.71 g, 88%). 

NMR (CDCI 3 ): 5 1.50 (s, 9H); 4.06 (s, 2H); 4.71 (s, 2H); 7.53 (t, 1H); 7.74 (d, 1H); 8.16 (dm, 1H); 8.25 (t, 1H). 
MS (CI): 285 (M + NhU)+. 

3- Nitrobenzyioxyacetic acid 

t-Butyl 3-nitrobenzyloxyacetate (5 g, 18.7 mM) was dissolved in formic acid (50 ml) and stirred at ambient 
temperature for 48 hours. Solvents were removed to give 3-nitrobenzytoxyacetic acid (3.9 g, 98%). NMR 
(DMSO-d«): 6 4.15 (s. 2H); 4.69 (s. 2H); 7.66 (t, 1H); 7.81 (d, 1H); 8.13-8.22 (m, 2H); 12.73 (br, 1H). 
MS (El): 211 M + . 

3-Nitrobenzyloxyacetic acid was allylated using the method described in example 1, using 3-nrtrobenzy- 
loxyacetic acid in place of 3-nitrocinnamic acid, to give allyl 3-nitrobenzyloxyacetate. 

NMR (CDCI3): 6 4.21 (s, 2H); 4.69 (dt, 2H); 4.74 (s, 2H); 5.25-5.40 (m, 2H); 5.85-6.05 (m, 1H); 7.53 (t, 1H); 
7.29 (d, 1H); 8.17 (dm, 1H); 8.25 (br s, 1H). 
MS (CI): 252 (MH) + ; 280 (M + C 2 H 5 )\ 

Allyl 3-nitrobenzyloxyacetate was reduced by the method described in example 1 using allyl 3-nitroben- 
zyloxyacetate in place of allyl 3-nitrocinnamate, to give allyl 3-aminobenzyloxyacetate. 

NMR (CDCI3): 8 3.67 (br, 2H): 4.11 (s, 2H); 4.55 (s, 2H); 4.68 (dt, 2H); 5.23-5.38 (m, 2H); 5.84-6.03 (m, 1H); 
6.62 (dm, 1H); 6.70 (m, 2H); 7.12 (t, 1H). 
MS (CI): 222 (MH) + ; 239 (M + NH 4 ) + . 

Allyl 3-aminobenzyloxyacetate was condensed with (2S,4S)-4-acetylthio-1-allyloxycarbonyl-2-carboxy- 
pyrrolidine by the method described in example 3 for ally! 3-aminophenoxyacetate, except that crude product 
was purified by chromatography on silica, using a gradient from di-chloromethane to dichloromethane/diethyl 
ether (85:15), to give (2S,4S)-4-acety1thio-1-aIlyloxycarbonyl^ 
carbamoyi)pyrrolidine. 

NMR (CDCl3):5 2.33 (s, 3H); 2.58 (br ( 2H); 3.39 (dd, 1H); 4.02 (quintet 1H); 4.13 (s overlapping m, 3H); 4.54 
(t, 1H); 4.62 (s, 2H); 4.68 (dm, 4H); 5.21-5.39 (m f 4H); 5.84-6.03 (m, 2H); 7.12 (d, 1H); 7.31 (t, 1H); 7.52 (m, 
2H); 9.04 (br, 1H). 

MS (+ve FAB): 477 (MH) + ; 499 (M + Na) + . 

(2S,4S)-4-Acetytthk>1-ai]ylGxycar^ 
was deacetytate and condensed with allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyf-2-diphenylphosphory- 
loxycarbapenem-3-carboxylate by the method described in example 1 for (2S,4S)-4-acetyithk>-1-allyloxycar- 
bonyl-2-(3-(E-2-carboxy-1-ethenyl)phenylcarbamoyl)pyrrolidine, except that purification by medium pressure 
chromatography used a gradient elution from dichloromethane to ethyl acetate, to give allyl 
(1 R,5S,6S,8R,2 , S,4 , S)-2^1 -a!lyloxycart)ony»-2-(3-allytoxycart^ 

4- y1thio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate. 

NMR (CDCI3): 6 1 .24 (d, 3H); 1 .35 (d, 3H); 2.60 (br. 2H); 3.24 (dd overlapping m, 2H); 3.45 (br, 1 H); 3.79 (quintet, 
1H); 4.04 (dd, 1H); 4.13 (s, 2H); 4.24 (dd overlapping m, 2H); 4.51 (t, 1H); 4.63. 4.65-4.75 (s overlapping m, 
8H); 5.20-5.44 (m, 6H); 5.86-6.02 (m, 3H); 7.13 (dm, 1H); 7.31 (t, 1H); 7.52 (m, 2H); 8.80 (br, 1H). 
MS (+ve FAB): 684 (MH) + ; 706 (M + Na) + . 

Exampl 9 

(1 R.ss.es.sR^s.^s^-^-^ou^^ 

met hyicarbapenem-3-carboxylic acid t disodium salt was prepared from th corresponding allyl prot cted com- 
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pound by the method described in xample 1, xcept that DMF was replaced by DMSO, and crude product 
was sufficiently pure for use without chromatography. 

NMR (DMSO-de/CDsCOOD): 8 1.14 (d. 3H); 1.18 (d, 3H); 1.80 (m, part obscured, 1H); 2.74 (dt, 1H); 2.96 (dd, 
1H); 3.21 (dd, 1H); 3.38 (dt, 1H); 3.53 (dd, 1H); 3.75 (2 x s, overlapping m, 3H); 3.99 (quintet, 1H); 4.10 (t. 1H); 
4.17 (dd, 1H). 7.06 (d, 1H); 7.27 (t, 1H); 7.45 (dm, 1H); 7.64 (t, 1H). 
MS (+ve FAB): 544 (MHf (mono Na salt); 566 (MH) + (di Na salt). 
The starting materials were prepared as follows: 

Ally! 3-nitrophenylthioacetate 

3-Nitrophenyl disulfide (5 g, 16.2 mM) was stirred in THF (125 ml), sodium borohydride (1.53 g, 40.5 mM) 
added, and the mixture heated to 50°. Methanol (12.5 ml) was added slowly to the stirred solution over 1 hour, 
after which the mixture was cooled to ambient temperature, and ally! chloroacetate (3.76 ml, 32.4 mM) run in. 
Stirring was continued for 3 hours, acetone (2 ml) was added, and stirring continued 5 minutes. The mixture 
was diluted with ethyl acetate, extracted with NaHC0 3 solution, washed with brine, and dried (MgS0 4 ), to give 
ally! 3-nitrophenylthioacetate (7.65 g, 93%). 

NMR (CDCI3): 8 3.75 (s, 2H); 4.63 (dt, 2H); 5.21-5.37 (m, 2H); 5.78-5.98 (m, 1H); 7.46 (t, 1H); 7.71 (dm, 1H); 
8.08 (dm. 1H); 8.24 (t, 1H). 
MS (CI): 253 (M + NH 4 ) + . 

Allyl 3-nitrophenylthioacetate was reduced by the method described in example 1 using ally! 3-nitrophe- 
nylthioacetate in place of allyl 3-nitrocinnamate, to give ally! 3-aminophenyfthioacetate. 
NMR (CDCI3): 8 3.65 (s overlapping br, 4H); 4.61 (dt 2H); 5.1 9-5.36 (m, 2H); 5.78-5.98 (m t 1 H); 6.53 (dm, 1 H); 
6.72-6.80 (m, 2H); 7.07 (t, 1H). 
MS (CI): 224 (MH) + ; 252 (M + C 2 H 5 ) + . 

Allyl 3-aminophenyithioacetate was condensed with (2S,4S)-4-acetylthio-1-ally1oxycarbonyl-2-carboxy- 
pyrrolidine by the method described in example 3 for allyl 3-aminophenoxyacetate, except that crude product 
was purified by chromatography on silica, using a gradient from dichloromethane to dichloromethane/diethyi 
ether (4:1), to give (2S,4S)-4-acetylthk)-1-allyloxy<^rbonyl-2-^ 
moyljpyrrolidine. 

NMR (CDCI3): 8 2.33 (s, 3H); 2.56 (br, 2H); 3.38 (dd, 1H); 3.68 (s, 2H); 4.04 (quintet, 1H); 4.13 (dd, 1H); 4.53 
(t, 1H); 4.60-4.67 (m, 4H); 5.20-5.38 (m, 4H); 5.79-6.03 (m, 2H); 7.15 (t, 1H); 7.25 (dm, 1H); 7.38 (dm. 1H); 
7.63 (t, 1H); 9.11 (br, 1H). 
MS (+ve FAB): 479 (MH) + ; 501 (M + Na) + . 

(2S,4S)-4-Acetylthk>-1-allyloxycarbonyt-2^ 
was deacetylated and condensed with allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-dipheny1phosphor- 
yloxycarbapenem-3-carboxytate by the method described in example 1 for (2S,4R>4-acetylthio-1-allyloxycar- 
bony1-2-(3-(E-2-carboxy-1-ethenyl)phenylcarbamoyl)pyrrolidine, except that purification by medium pressure 
chromatography used a gradient elution from dichloromethane to ethyl acetate, to give allyl 
(1R,5S,6S,8R^ , S,4 , S)-2-(1-allyloxycarbonyl-2-(3-a!lyloxycart>on^ 
yithio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-cart>oxylate. 

NMR (CDCIs): 8 1.24 (d, 3H); 1.36 (d ( 3H); 2.63 (br, 2H); 3.26 (dd overlapping quintet, 2H); 3.48 (br, 1H); 3.69 
(s, 2H); 3.80 (quintet, 1H); 4.01 (dd, 1H); 4.26 (dd overlapping quintet, 2H); 4.51 (t, 1H); 4.58-4.81 (m, 6H); 
5.19-5.45 (m, 6H); 5.80-6.01 (m, 3H); 7.14 (d, 1H); 7.25 (t, 1H); 7.42 (d, 1H); 7.68 (br s ( 1H); 8.91 (br, 1H). 
MS (+ve FAB): 686 (MH) + ; 708 (M + Na) + . 
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Exampl 10 




COfJUCJf^COOff 



(1R,5S,6S,8R,2'S,4'S)-2-(2-Carboxymethylcaifranro^ 
yethyl)-1-methylcarfaapenem-3-carboxylic acid (Na Salt). 

A solution of 4-nitrobenzyl (1R,5S,6S,8R,2 , S,4 , S)-2-(1-(4- nitrobenzyloxycarbonyl)-2^2-caiboxymethyU 
carbamoy1-5-thienylc^rt)amoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyeth 

(165 mg ( 0.194 mmol) in water (10 ml), ethyl acetate (10 ml) and sodium bicarbonate (pH adjusted to 7.5) was 
hydrogenated at atmospheric pressure in presence of Pd/C (1 0%) (1 65 mg). The reaction was followed by ana- 
lytical HPLC. The catalyst was filtered off and the aqueous solution concentrated, and purified by preparative 
HPLC (Nucleosil C-18), eluting with water. Freeze drying the appropriate fractions gave the title compound 
(27 mg t 25 %). 

NMR: (DMSO-d 6 + AcOD-d 4 ): 5 1.18 (2d, 6H); 1.80 (m, 1H); 2.60 (m f 1H); 2.70 (m, 1H); 3.2 (m, 1H); 3.30-3.42 
(m, 2H); 3.60 (m. 1H); 3.90-4.04 (m, 2H); 4.14 (dd, 1H); 6.89 (d, 1H); 7.54 (d, 1H). 
The starting material was prepared as follows: 

5-Nitro-2-thiophenecarboxylic acid 

2-Thiophenecarboxylic acid (6.4 g, 50 mM) was suspended in acetic anhydride (15 ml) and fuming nitric 
acid (16 ml) in glacial acetic acid (25 ml) added slowly over 1 hour with stirring, while keeping the temperature 
of the reaction mixture below 30°C. The reaction mixture was stirred at ambient temperature for 2 hours. The 
product was purified by subjecting to chromatography (470 ml) on HP20SS resin using methanol/(water +1% 
acetic acid): as eluant The pure title compound was obtained together with a mixture of 4- and 5-nitrothio- 
phene-2-carboxylic acid. 
NMR (CDCI3): 8 7.65 (d, 1H); 7.88 (d, 1H). 

Ally! 5-Nitro-2-thiophenecarboxylate 

To a solution of 5-nitro-2-thiophenecarboxylic acid (20 g, 0.11 mol) in DMF (140 ml) were added sequen- 
tially ally! bromide (40 ml, 0.46 mol) and triethylamine (64 ml, 0.46 mol) with cooling to maintain the temperature 
of the reaction mixture below 30°C. After addition of the reagents, the reaction mixture was stirred for 3 hours 
at ambient temperature and then diluted with ethyl acetate. The solid which precipitated was filtered off, the 
filtrate washed with water, washed with saturated aqueous solution of sodium chloride, dried over MgS0 4 and 
concentrated. The residue was purified by chromatography on silica gel using a mixture of CH 2 d 2 - petroleum 
ether (3:7) as eluent to give the title compound as a white solid (8.8 g, 38%). 
NMR (CDCI 3 ): 8 4.34 (d, 2H); 5.36-5.45 (m, 2H); 6.00 (m, 1H); 7.71 (d, 1H); 7.88 (d, 1H). 

Allyl 5-amino-2-thiophenecarboxy1ate 

To a solution of allyl 5-nitro-2-thiophenecarb xytate (3.2 g, 15 mmol) in concentrated hydrogen chloride 
(35 ml) were added under cooling SnCk.HjO (1 0.1 g, 45 mmol). The mixture was stirred for 3.5 hours at ambient 
temperature, diluted with ethyl acetate and basrfied to pH 10 with 5N NaOH. The organic layer was washed 
with water and a saturated aqueous solution of sodium chloride, dried over MgS0 4 and concentrated. The re- 
sidue was purified by chromatography n sOica gel using a mixture of ethyl acetate and petroleum eth r (3:7) 
to giv the titi compound as a yellow oil (1 .94 g, 72%). 
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NMR (CDCI3): 6 4.34 (br s, 2H); 4.73 (d, 2H); 5.23 (d, 1H); 5.36 (d # 1H); 5.99 (m f 1H); 6.09 (d, 1H); 7.48 (d, 
1H). 

(2S.4SV1-(4-Nitrobenzvloxvcart)onv1V2-(2-allvtoxvcarbonvl-5-thienv^ 

To a solution of (2S t 4S)^acetylthk>-2-cart>oxy-1-(4^ (3.79 g, 10.3 

mmol) in CH 2 a 2 (12 ml) were added thtonyl chloride (3.75 ml, 51.5 mmol) and DMF (0.055 ml). The mixture 
was stirred for 16 hours at ambient temperature, concentrated and the residual oil taken up in CH 2 Cl2-to!uene 
and reevaporated. The residue was dried under vacuum and solubQised in CH 2 CI 2 (25 ml). To this solution 
cooled to 0°C was added N-diisopropylethylamine (2.05 ml, 11.8 mmol) and a solution of ally! 5-amino-2-thlo- 
phenecarboxylate (1.9 g, 10.3 mmol). After 15 minutes at ambient temperature, the solvent was evaporated 
and the residue taken up in a mixture of water and ethyl acetate. The organic layer was dried over MgS0 4 and 
evaporated to dryness. The residue was purified by chromatography on silica gel using a mixture of CH2CL2- 
ether (9:1) to give the title compound as a yellow foam (4.68 g ( 85%). 

NMR (DMSO-de + AcOD-d<): 6 2.33 (s, 3H); 2.80 (m, 1 H); 3.38 (m, 1H); 4.00-4.15 (m, 2H); 4.52 (m, 2H); 4.77 
(d, 2H); 5.02-5.42 (m, 4H); 6.00 (m, 1H); 6.77 (m, 1H); 7.45 (m, 1H); 7.60-7.68 (m, 2H); 7.95 (m, 1H); 8.23 (m, 
1H). 

(2S.4SV1-(4-Nitrobenzyloxycarbonyl)-2-(2-carboxy-^ 

A solution of (2S,4R)-1-(4~nitrobenzytoxycart)onyl)-2-(2-ally1oxyc^ 
ylthioacetate (5.33 g, 10 mmol) in CH 2 a 2 (15 ml) and ethyl acetate (15 ml) was treated with P(Ph) 3 (0.26 g, 1 
mmol), potassium 2-ethylbenzoate (0.47M in ethyl acetate, 23.4 ml, 11 mmol) and Pd(PPh 3 ) 4 (0.25 g) at anv 
bient temperature. The reaction was followed by HPLC. After 3 hours, the mixture was diluted with ethyl acet- 
ate, the precipitate filtered, washed with ether and dried. This solid was dissolved in water, acidified with HCI 
(2N), and the free acid extracted with ethyl acetate, dried over MgS0 4 and the solvent evaporated to give title 
compound (4.95 g, 1 00%). 

NMR; (DMSO-d 6 + CF 3 C0 2 D): 5 1.95 (m, 1H); 2.33 (s, 3H); 2.78 (m, 1H); 3.38 (m, 1H); 3.98-4.1 (m, 2H); 4.52 
(m, 1H); 5.03-5.33 (m, 2H); 6.72-6.76-7.52-7.54 (4d, 2H); 7.46-8.25 (4d, 4H). 

(2S,4S)-1-(4-Nitrobenzyloxvcarbonyl)-2-(2-carboxvmethvl ca rbarrKDyl-M hie nylcarbamoyl) pyrrol id irn^-yith k>a- 
cetate. 

A solution of (2S,4S)-1-(4-nrtrobenzyloxycart>onyl)-2-(2-c^ 
cetate (10 g, 2.03 mmol) in CH 2 CI 2 (50 ml) was treated with oxalyl chloride (0.4 ml, 4.56 mmol) and DMF (20 
mg). The mixture was stirred for 2 hours, evaporated, dissolved in a mixture of CH 2 CI 2 : toluene 1:1 (10 ml) and 
evaporated. The residual oil was dried for 1 hour under vacuum and solubOized in anhydrous CH 2 CI 2 (50 ml). 
This solution was added to a solution of glycine (0.2 g, 2.66 mmol), diisopropylethyiamine (1 .3 ml, 8 mmol) and 
trimethylsilyichloride (1 ml, 8 mmol) in anhydrous CH 2 d 2 (50 ml) under argon at 0°C. The mixture was stirred 
at ambient temperature for 1 hour and the solvent evaporated. The residue was taken up in 2N HCI, extracted 
- with ethyl acetate, washed with water (three times) and dried over MgS0 4 to give the title compound (1.06 g, 
95%). 

NMR (DMSO-de + CFaCC^D): 8 1.95 (m. 1H); 2.33 (s, 3H); 2.78 (m, 1H); 3.36 (m, 1H); 3.90 (s, 2H); 3.95-4.18 
(m, 2H); 4.54 (m, 1 H); 5.04-5.34 (m, 2H); 6.72-7.58 (2m, 2H); 7.46-8.25 (4d f 4H). 
(2S.4S)-1-(4-N'rtrobenzyloxycari>on^ 

(2S,4S)-1 -(4-Nitrobenzy1oxycart>ony 
ylthioacetate (0.55 g, 1 mmol) was solubOized in CH 2 CI 2 (5 ml) and dry methanol (10 ml) and treated with a 
solution of sodium hydroxide (1 N) (2 ml, 2 mmol). The progress of the reaction was monitored by tic. After 2 
hours the pH of the solution was adjusted to 7 with HCI (IN) and evaporated to dryness. The crude thiol was 
dissolved in DMF (5 ml) and used in the next step without further purification. 

4-Nitrobenzvl (1 R.5S.6S.8R.2'S.4'S)-2-(1 -(4-nitrobenzvloxvcarbonyl-2-(3-hvdroxv-5-carboxv-2-thienvlcart>a- 
moyl)pyrrolidin-4-ylthio)-6(1-hydroxyethylV1-methylcarbapenem-3-carboxylate. 

A solution of 4-nitrobenzyl (1R,5R,6S,8R)-6X1-hydroxyethyl)-1-methy1-2-diphenylphosphoi7loxycarba- 
penem-3-carboxylate (594 mg, 1 mmol) in DMF (5 ml) under argon was treated with (2S,4S)-1-(4-nitrobenzy- 
loxycarbony1)-2-(2-cai1>oxymethylcaitam (from previous step), dii- 

sopropylethyiamine (0.08 ml, 0.5 mmol), tributyiphosphine (250 uJ, 1 mmd) and water (20 uJ, 1 mmol), for 12 
hours at 4°C temperature. The mixture was then purified by subjecting to chromatography on a HP20SS col- 
umn, eluting with a gradient of acetonitrfle water to give title compound (175 mg, 21%). 
NMR: (DMSO-d 6 + AcOH-d^: 6 1.18 (2d, 6H); 1.92 (m, 1H); 2.83 (m, 1H); 3.31 (m, 1H); 3.38 (m, 1H); 3.59 (m. 
1H); 3.84-3.94 (m, 2H); 3.96-4.06 (m. 2H); 4.11-4.36 (m, 2H); 4.53 (m, 1H); 5.02-5.48 (m. 4H); 6.66-8.31 (m, 
10H). 
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Claims 



1. 



A compound of the formula (I): 




(i) 



CoOtf 



or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof wherein: 
A is a group of the formula (IA) or (IB): 




(IA) 



A* 




7& 



(IB) 



R 1 is 1- hydroxy ethyl, 1-fluoroethyi or hydroxymethyl; 
R 2 is hydrogen or C^alkyl; 

R 3 and R 4 are the same or different and are selected from hydrogen, halo, cyano, C^alkyl, nitro, hydroxy, 
carboxy, C^alkoxy, C^alkoxycarbonyi, carbamoyl, C^alkylcarbamoyl, di-C^ alkytcarbamoyl, trifluor- 
omethyl, and C^alkenytoxy: 

X is alkanediyl containing 1-6 carbon atoms optionally interrupted by O, S(0) x (wherein x is zero, one or 
two), -COIMR 5 - or -NR 5 - wherein R 5 is hydrogen or C^alkyl; 

or X is alkenediyl containing 2-6 carbon atoms optionally interrupted by O, S(0) x or -NR 5 - wherein x and 

R 5 are as hereinbefore defined; with the provisos that: 

i) the interrupting function (0,S(0) x ,NR 5 ,-CONR 6 -) may be directly linked to the ring A, but is not directly 
linked to the -COOH function or to any carbon-carbon double bond in X; and 

(ii) when the interrupting function is -SO- or -SCV it is not 0 to the COOH function or 6 if there is an 
intervening carbon-carbon double bond in X. 

2. A compound according to claim 1 wherein R 1 is 1-hydroxyethyl. 

3. A compound according to either claim 1 or claim 2 of the formula (IV): 



wherein A and X are as defined in claim 1. 

4. A compound according to claim 3 wherein X is methyl en , ethyien , oxymethyien , vinyten , methyloxy- 
methylene or thiomethylene. 




oH 



Coof{ 
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5. 

5 6. 

10 
15 
20 

25 7. 
8. 

30 
35 
40 
45 

9. 

50 



A compound according to any one of claims 1 to 4 wherein R 3 and R 4 , in A, are independently selected 
from hydrogen, halo, cyano, C^alkyfl, nitro, hydroxy, carboxy, C^alkoxy, carbamoyl, Chalky! carbamoyl, - 
d i-C^al kyf carbamoyl, trifluoromethyl and C^alkenyfoxy. 

A compound according to claim 1 which is 
(1R,5S,6S f 8R ( 2 , S,4 , S)-2-(2^3^E-2-^t»xy-1^thenyl)phenylca 
yethyl)-1-methyicarbapenem-3-carboxyiic acid, 

(1R,5S,6S,8R f 2 , S f 4'S)-2^2-(3-(E-2-cart)Oxy-1-ethenyl)^-hydroxyphenylc^ 
6-<1-hydroxyethyl)-1-methytcarbapenem-3-carboxyiic acid, 

(1 R,5S,6S ( 8R,2'S,4*S)-2-(2-(3-carboxymetto^ pyrrolidirv4-ylthio)-6-(1-hydroxyethyl>-1 - 

methylcarbapenem-3-carboxylic acid, 

(1R,5S,6S,8R,2 , S f 4 , S)-2-{2-(3-cai1x>xyethylphenylcart)amoyl)pyrro^ 

methylcarbapenem-3-carboxylic acid, (1 R v 5S l 6S t 8R l 2'S,4'S)-2-(2-(5-carboxymethyl-2-hydroxyphenyl- 
cart)amoyl)pyrralidin^ylthio)^-(1-hydroxyethyl)-1-methylcarbapenem-3-^rboxyIic acid, 
(1R,5S,6S,8R t 2 t S,4 , S)-2-{2-(3-carboxymethylaminocart5onylphenylcarb 
hydroxyethy1)-1-methyicarbapenem-3-carboxylic acid, 
(1R,5S,6S,8R,2'S f 4'S)-2-(2-(3-cai1x>xymethoxy^ 
yethy1)-1-methylcarbapenem-3-carboxyiic acid, 

(1R,5S,6S,8R,2'S,4 , S)-2-(2-(3-cart)oxymethy1thiophenylcarbamoyf)pyiTolidin-^ 
thyl)-1-methy1carbapenem-3-carboxyiic acid, 

(1R,5S,6S,8R,2 , S f 4'S)-2-(2-(2-carboxymethylcarbamoyl-5-thienyl- caifcamoyl)pyrrolidin-4-yithio)-6-(1- 
hydroxyethyl)-1-methyicarbapenem-3-carboxylic acid, 

and pharmaceutically acceptable salts and in vivo hydrolysable esters thereof. 

A pharmaceutical composition which comprises a compound according to any one of claims 1 to 6 and a 
pharmaceutically acceptable carrier. 

A process for preparing a compound according to claim 1 which comprises deprotecting a compound of 
the formula (V): 



wherein A, X and R 2 and R 3 and R 4 in A are as defined in claim 1 (R 3 and R 4 being optionally protected if 
appropriate); R 6 and R 7 are hydrogen or carboxy protecting groups; R 8 is hydrogen or an amino protecting 
group; R 9 is hydrogen or an amino protecting group; and R 10 is a group R\ protected 1-hydroxyethyl or 
protected hydroxymethyl; and wherein at least one protecting group is present; and thereafter if neces- 
sary; 

(i) forming a pharmaceuticlaly acceptable salt 

(ii) esterifying to form an in vivo hydrolysable ester. 

A process for preparing a compound according to claim 1 or a compound of the formula (V) as defined 
in claim 8 which comprises: 

a) reacting compounds of the formulae (VI) and (VII): 
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I 2 



P 





i 




(VI) 



(VII) 



r 



wherein A, X, R^R 10 are as defined in claim 8 and L is a leaving group, or 
b) cyclising a compound of the formula (VIII): 



A* 




Goo£ 7 



(VIII) 



o 



wherein A t X, R^R 10 are as defined in claim 8 and R 11 -R 13 are independently selected from C^alkoxy, 
aryloxy, di-C^aJkylamino and diarylamino or any two of R 11 -R 13 represent o-phenylenedioxy; or one 
of R 11 -R 13 is C^alkyl, ally), benzyl or phenyl, and the other two values are independently selected from 
Cl^alkyl, trifluoromethyi or phenyl, wherein any phenyl group is optionally substituted with C^Ikyl 
or C^alkoxy: 

and wherein any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutical^ acceptable salt; 

(iii) esterifying to form an in vivo hydroly sable ester. 

A compound of the formula (V) as defined in claim 8, of the formula (VII) or (VIII) as defined in claim 9 t 
or of the formula (IX), (XII) or (XIV): 




(IX) 
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A/ 



(XII) 





N ~ (xiv) 

wherein A, X, R*-R* and R 9 -R 10 are as defined in claim 9 and R u Is a protecting group. 
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